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The  Integrated  Science^H  at  hearties  Education  Project 
(ISflEP)  is  an  HSF-funded,  interdisciplinary  sjlence/aatheaatics 
education  prograa  for  pre service  eleaentary  school  teachers  which 
fosters  an  increase  in  scientific  and  aatheaatical  literacy*  iaproved 
attitudes  toward  science  and  aatheaatics,  and  enhanceacnt  of 
intellectual  developaent  on  the  part  of  classrqoa  teachers  and  public 
school  pupils.  ISHEP  courses.-  blend  scientific^  aatheaatical,  and 
educational  coaponents  while  providing  claasrooa,  laboratory,  and 
practicua  experiences  relevant  to  eleaentary  school  Frcgraas. 
Altbough-an  overview  of  the  project,  organizational  flew  chart, 
checklists,  brochures,  and  an  evaluation  report  are  included,  the 
aajcr  portion  of  the  docuaent  is  devoted  to  the  aodule«~used  in  the 
prograa.  Individual* s  aodules  contain  objectives,  instructional 
references  and  aaterials,  procedures,  and  asseseaent  criteria. 
' Sources  used  in  the  aodules  include  activities  froa  the  "Science 
Course  Iaproveaent  Study**  and  "Science  A  Process  Approach,"  and  other 
eleaentary  science  and  aatheaatics  curriculua  projects. 
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J     AN  OVERVIEW  OF  NSF-SER  76-14851  AND  ITS 
IMPACT  ON  MURRAY  STATE  UNIVERSITY 

Prior  to  ^submission  of  the  ISMEP  to  the  National  Science  Foundation,  a 

i 

writing  team  from  Murray  State  University  visited  innovative  programs  for 

i 

elementary  teachers  including  those  housed  at  St.  Teresa  College,  Winona 
State,  The  University  of  Indiana,  Purdue  University,  and  Austin  Peay  State 
University,  t  Each  had  desirable  traits  but  none  addressed  the  broader-spectrum 
of  pre-service  elementary  education  that  we  envisioned.  ^Since  our  goal  was 
to  improve  both  competency  and  attitude  in  and  toward  science/mathematics 
teaching,  it  "seemed  logical  (although  formidable)  to  incorporate  the  science, 
mathematics,  and  methodological  components  with  the  ISMEP  package.     Such  was 
our  plan  and  so  we  have  done.    Perhaps  the  real  value  of  the  ISMEP  to  the 

A  % 

broader  educational  community  is  its  standing  as  proof  that  the  three  can 
delightfully  function  as  a  single  entity.     Professionals  from  the?  three  dis- 
ciplines support  the  program  and  believe  in  its  educational  value.     In  fact, 
one,  cannot  detect  whether  the  professor  of  biology  is  teaching  content  or 
methodology  and  if  the  traditional  education  professor  is  not  really  a  "pro" 
t„  number  theory.     The  meshing  of  content  and  learning  strategy  is  exemplary. 
Such  a  freely  integrated  program  cannot  be  developed  within  traditional  ad-' 
ministrative  frameworks.    The  success  of  MSU's  ISMEP  lies  in  the  fact  that 
involved  faculty  have  developed  and  administered  the  project.    All  teaching 
faculty  have  been  directly  involved  in  diiectional/programmatic  decisions  as 
weill  as  in  the  day-to-day  planning  and  execution  of  the  ISMEP. 


With  the  recent  "institutionalization11  of  the  ISMEP  there  arose  a  strong 
need  to  untie  the  integrated  package  set  up  for  the  four-semester  sequence* 
-This  need  was  generated  by  students  in  our  regular  teacher  education  program 
lacking  credits  in  specific  courses  of  science,  mathematics,  or  education. 
Our  staff  found  the  ISMEP  so  well  integrated  that  it  taxed  our  very  best 
professors  to  sort  out  the  parts  and  then  computerize  them  for  easy  access 
according  to  conventional  course  outlines.    Again,  the  uniqueness  of  the 
ISMEP  was  appreciated. 

Murray  State  University  furnished  excellent  facilities  for  project  de- 
velopment.   Since  the  ISMEP  has  been  "institutionalized"  we  have  rapidly 
outgrown  the  facilities — but  that's  another  story. 

A  twenty-four  station  laboratory  with  gas,  water,  electricity,  etc. 
was  designated  for  the  ISMEP.    This  laboratory  v  is  in  a  building  separate 
from  professional  education,  science,  and  mathematics.    Territorial  impera- 
tives  have  been  minimized  throughout.    The  isolation  of  the  laboratory  strong- 
ly supports  the  individualized,  self -paced,  modularized  nature  of  the  ISMEP. 
A  26'  x  40 1  departmental  library  was  made  available  to  the  ISMEP  due  to 
campus  centralization  of  library  holdings.     The  library,  an  office  area, 
and  an  adjacent  classroom  were  designated  for  ISMEP  usage. 

The  Science  Mathematics  Education  Resource  Center  is  at  the  heart  of 
ISMEP.    Popular  alphabet  series  are  included  for  use  in  the  ISMEP  as  well 
as  copies  made  available  for  loan  to  area  teachers.     Reading  areas  with 
books,  periodicals,  and  study  guides  are  available.     Videotaping  of  peer- 
taught  mods,  viewing  of  internally  and  externally  produced  tapes,  and  per- 
formance of  most  non-laboratory  based  mods  are  done  within  the  Resource 


Center*  Mod  evaluations  are  also  held  within  partially-isolated  areas  of 
the  center.    Our  problem  now  is  how  to  accommodate  a  six- fold  increase  in 

♦r' 

student  population.    A  large  assembly  hall  and  several  smaller  classrooms 
within  the  same  building  are  available  to  the  ISMEP.    Murray  State  leader- 
ship has  certainly  met  or  exceeded  .the  pledge  to  provide  adequate  facilities 
for  the  ^project .  " 


ISMEP  founders  aimed  at  evaluation  in  three  areas;  1),  significant 
changes  in  students'  abilities  as  they  relate  to  science *|fyd  mathematics 
(i.e.  content),  2)  students'  attitude  toward  science  and  mathematics,  and 
3)  some  indication  of  intellectual  development.    MSU's  \Dr.  Bill  Price  pro- 
vided initial  direction  for  the  evaluation  process.    Later,  Dr.  Jack  D. 
Rose,  Superintendent  of  Calloway  County  Schools,  assisted  with  project  eval- 
uation.   Dr.  Jack  Renner  and  team  from  the  University  of  Oklahoma  were  the 
external  evaluators.     Their  report  is  attached.    Some  problems  were  inherent 
in  the  evaluation.    B?rst,  it  was  difficult  to  attain  "clear11  control/  < 
experimental  groups  as  the  ISMEP  comprises  a  large  portion  of  pre-service 
education  courses.    Some  students  majoring  in  special  education  were  in- 
cluded along  with  the  regular  elementary  education  majors.    A  lack  of  simi- 
larity between  experimental/control,  although  slight,  may  have  altered  our 
original  experimental  design.    However,  the  most  significant  deterrent  was 
the  lack  of  proven  instruments  available  to  determine  accurate  measures  of 
the  desired  parameters.    In  summary,  the  reader  is  advised  to  consider 
"perceived"  accomplishments  of  the  ISMEP  in  addition  to  Dr.  Renner' s  ev<  lua- 
tion  report.    There  is  strong  sentiment  among  project  directors,  staff, 
past  students,  area  teachers,  regional  public  school  administrators,  and 
MST  administrators  that  the  project  goals  are  being  realized.  However, 


ERLC 


documentation  is  admittedly  scarce.^    Again,  all  agree  that  graduates 
of  the  ISMEP  tend  to  function  far  more  capably  in  classroom  science  and 
mathematics  instruction — as  well  as  overall  performance — than  counterparts 
from  the  traditionally-strong  Murray  State  program.    Pardon  the  old  adage 

but  the  pfoof  of  the  pudding  still  seems  to  be  in  the  eating  thereof.   

Additional  data  are  being  collected  as  we  continue  to  attempt  to  quantify 
student  progress. 

The  ISMEP  hosted  some  sixty  area  inservice  teachers  during  Su  78  and 
•Su  79.     Institute  participants  completed  compressed  and  only  slightly  modi- 
fied versions  of  the  pre-service  semester  offerings.    Although  quite  intense, 
participant  feedback  was  positive — in  fact,  glowing.     In  addition  to  comple- 
ting some  twenty  individualized  mods,  these  teachers  attended  mini-workshops 
conducted  by  specialists  and  then  generated  volumes  of  material  for  imme- 
diate  use  in  their  own  classroom  through  a  "make  and  take"  module.  Descrip- 
tions and  feedback  of  the  summer  institutes  are  attached.    A  goal  of  NSF's 
Project  Spread  has  been  realized  via  the  ISMEP. 

ISMEP  staff  have  visited  school  systems  throughout  MSUfs  service  region. 
Inservice  day  presentations,  talks  to  educational/social/business  organizations, 
and  press  releases  have  assisted  us  **n  informing  the  populace  about  this 
unique  NSF  project.    Reception  has  been  encouraging  from  all  components. 
Our  first  class  of  ISMEP  students  will  enter  next  year's  job  market.  Their 
entry  should  be  considerably  less  painful  than  those  traditionally  prepared. 
ISMEP  students  gain  field  experience  during  their  first  semester  by  actually 
teaching  in  area  schools.    This  component  has  synergistically  supported  pre 
and  inservice  thrusts  of  the  ISMEP. 
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As  earlier  mentioned,  the  Resource  Center  provides  materials  and 
equipment — even  a  mini-computer — for  loan  to  inservice  teachers.  These 
services  have  been  provided  without  charge  as  part  of  our  plan  to  enhance 
science/mathematics  education  throughout  this  region.     In  summary,  the 
ISMEP  has  been  and  continues  to  be  well-received  by  area  teachers  and 
administrators.     Its  impact  is  far-reaching  on  classroom  activities. 

A  slight  shift  in  emphasis  resulted  from  the  development  and  distri- 
bution of  sophisticated,  yet  low-cost,  mini-computars  during  the  ISMEP 
grant  period.    An  administrative  decision  was  made  to  incoiporate  computer 
usage  and  a  modicum  of  program  development  into  the  ISMEP.    Such  is  clearly 
in  line  with  project  goals  and  objectives.    Dr.  Grady  Cantrell,  professor 
of  mathematics,  and  Dr.  Arvin  Crafton,  professor  of  professional  studies, 
have  combined  their  talents  to  generate  programs  for  both  instruction  in 
and  administration  of  the  ISMEP.    What  might  be  perceived  as  a  tangent  to 
the  original  project  may  very  well  be  its  salvation  through  the  "institu- 
tionalization" process.    Sheer  numbers  of  individual  schedules,  module 
selection  and  evaluation,  student  progress  reports,  and  accounting  details 
become  unmanageable  without  either  a  large  increase  in  staff  or  greater  use 
of  the  computer.    We  have  chosen  the  latter.  © 

Another  spin-off  from  the  ISMEP  is  its  inclusion  as  a  basis  for  a  doc- 
toral dissertation.    Mr.  Bill  Burnle'   is  incorporating  the  ISMEP  into  his 
work  at,, Arizona  State  University.    Perhaps  other  research  will  be  generated 
from  this  effort. 

V 


In  conclusion >  most  of  the  goals  and  objectives  of  the  ISMEP  have  been 

realized.    Although  desired  gains  in  mathematical  competency  as  measured  by 

Dr.  ttenner  are  less  than  desirable,  there  are  some  quantitative  data  and 

a  host  of  qualitative  judgments  that  determine  the  project  as  quite  SUCCeSS- 
IS 

ful.    The  greatest  s^gle  measure  may  well  be  the  faculty's  decision  to 
make  the  ISMEP  che  MSu\^rriculum  for  all  of  MSU's  preservice  elementary 
teachers.- 
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STAGE  I      SUMMER  1977 


Continuous  Dec  is  i  on-making.   Re    .ew,  Monitoring  ana 
Record-keeping  Processes  by  the  Interdisciplinary 
Commi  t  tee 


\ 


Preparatory  activities 

Staff's  detailed  study  of  models  *■ 

Material  and  equipment  preparation,  etc. 

Initiate  development  of  SMERC 

V 

Inform  regional  schools  and  other  interested  persons  and  groups 
•.about   the  program 

Development  of  system  for  randomly  selecting,  informing  and  registering 
students 

Initiate  development  of  initial  assessment  activities 

A.      Involve  external  evaluators   to  prepare  pretest  materials  and 

procedures  for  measurements  related  to  intellectual  development 

M.      Involve   t  hi*   i  ii'l  i  v  idual   responsible  for  assessing  achievement  gains 
in  » i  .*.'.!  1 1 1  •  pi  i  f  •  -  r » I   iii.iiiM  Lil.s  nu. I  pi ocedures  will  be  ready 

V 

C.     Development   ol    i  us  I  r  iiimmi  t   lor  measurement   ol   attitude  toward 
science  and  ma  t  hema  t  i  rs   te.iching       somewhat  weak 

Final  considerations  prior  to-  1977.  Fa\]    initiation  of  new  under- 
graduate program 

^complete  as  written  J  1 


STAGE  II    ACADEMIC  YEAR  1977-78 


  *■     .— i 

"Continuous  Dec  3  sion-mak  ing ,  kevicw,  •'Monitoring  ai,.l 
Record-keeping  Processes  by  the  Interdisciplinary 
Commi  t  tee   ■  L_L  — 


0 


/ 


/ 


/ 


*  0,     Actual  start-up  of  new  program  and  SMERC 

,     ,  •  rr  to  oi'her  th^  ovpprimcnt  al  or  control  groups  . 

*1U.     Randomly  abbi^n  student-  10  cjv.itr    lu.  l 

ll'     Pretest  both  the  experimental  and  c0ntral  groups  on  all   Lhi «  Jd*ntljf^ 
areas      A     Intellectual  development     B.  Achievement    C.   Affectavc  cloma 
(somewhat  weak  here) 
*12.     Begin  instruction  with  MMP  and  US  I  modules 

*13.     Ongoing  planning  and  reviewing,  and  development  of  proper  cross-links  1 
participating  faculty 

*1U.     Continued  development  of  SMERC  based  on  perceived  needs 

•15.     Involve  regional  teachers  through  in-service   type  arrangements 

*16.     Publicize  program,  activities,  and  SMERC 

•  17.     Posttost    both,  the  experimental  and  control  groups  at   the  completion  of 

*  the  first   year  on  all  three   identified  areas  (Renner) 

*lfi.     Recommendations  related  to  continuance  and  change. 
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♦complete  as  written 
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STAGE  III    SUMMER  1978 


Continuous  Dec  J s J  on -making ,   Review,   Monitoring  and 
Record-keeping  Processes  by  the  Interdisciplinary 
Committee 


Review  recommendations  and  involve  regional  teachers 

Review  and  study • recommenda tions  of  the  committee  and  participating 
faCui.  ty  froui  the  first  year  ^ 

Review  and  study  test  results  from  first  year 

Provide  three-week  institute  for  30  regional  teachers  (tremendously  successful) 
Continued  development  of  SMERC 

Final  considerations  prior  to  initiating  the  second  year  of  the 
new  program 


♦completed  as  written 
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STAGE  IV    ACADEMIC  YEAR  1978-79 


Continuous  Decision-making,  Review,  Monitoring  and 
Record-keeping  Processes  by  the  Interdisciplinary 
Co^wj  L  ^  2  £   


4 


i 


\  s 

.\. 


/ 


/ 


*.'5.     Start-up  of  second  year  oJ  program 

*'6.     Begin  second  year  of  instruction  in  the  new  program  utilizing   MSU  mods 

*:7.     Programs  designed  to  cause  greater  utilization  of  SMERC  by  regional  teacher? 

*'8.     Continued  development  of  SMERC  based  on  perceived  needs 

*'9.     Encourage  representatives  from  other  colleges  and  universities   to  visit 
«nd  observe  t^he  program  and  SMERC 

*  0.     On-going  planning  and  reviewing,  and  development  of  proper  cross-links 
by  participating  faculty    (strong  here) 


*  1  , 

*  2  , 

*  I. 

*  i4. 


Dissemination  through  conference,   publications,  etc.    (KY  Acad.  Scl.) 

Plans  reviewed  for  complete   transfer  from  NSF  and  MSU  support   to  total 
MSU  .support 

Cost  lest,  on  a}]  ihtec  i'lntl  i|  iVtl  .ire. is,  students  in  both  I  he  experimental 
an. I  control   groups  who  have  completed   two  years  of   the  program  (Renner) 

Recommendations  rr-lated   to  continuance  and  change 
♦completed  as  written 
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STAGE  V    SUMMER  1979 


Continuous  Decision-making,  Review,  Monitoring  and 
Record-keeping  Processes  by  the  Interdisciplinary 

— r-  >■ — r  


*35.     Review  and  dissemination 

*36.     In-service  programs  for   30  regional    teachers  and  in-depth  presentation 
or*  program  to  15  representatives  from  other:  colleges  and  universities 

*37.     Dissemination  through  conferences,  publications,  etc.  (local  workshops  with 

r  '  Postlethwait,  Karplus, 

a  t  •  .  .        -Bork^t  al) 

w  3b .     Intensive  analysis  of  all  assessments  with  resulting  reconftnenda tions 

concerning  the  direction  of  the  program  and  SMERC 

V39.     Finalized  plans  for  complete   transfer  from  NSK  and  MSU  support  to 
totSi  MSU  support 

s 

**«0.     Final  decisions 


♦completed  as  written 


TRADITIONAL  AND  ISMEP  PROGRAMS  FOR  THE  SCIENCE-MATHEMATICS  EDUCATION 
CURRICULUM  FOR  ELEMENTARY  EDUCATION  MAJORS  @  MURRAY  STAVE  UNIVERSITY 


Traditional  Program 

ISMEP  Program 

Credit  Hours 

Credit  Hours 

Mathematics  115  - 

Fundamental  Concepts  I 

3 

SHE  100 

6 

Mathematics  315  - 

Fundamental  Concepts  I" 

3 

SME  150 

A 

vl 

Ele.  Educ.  201  - 

Teaching  of  Mathematics 

3 

SMF  200 

6 



Biology  101 

General  Biology 

4 

SME  250  v 

_6 

rnysical  oci.  - 

(several  choices) 

4 

Required 

24 

Science  Elective- 

(several  choices) 

4 

Encouraged  Elective 

_3 

Ele.  Educ*  502  - 

Teaching  of  Science 

_3 

Total 

27     .  <r 

Required 

24 

Ele.  Edu.  508 

Teaching  Modern  Math, 
(encouraged  elective) 

_3 

+ 

Total 

27 

*  ,  * 


A  list  of  mods  is  attached. 


SECTION  V 
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Science -w-Mathematics — Education 
Resource  Center 

Murray  State  University 
Murray,  Kentucky 


Announces 


1978  SUMMER  INSTITUTE 


in 


INTEGRATED  SOENCE— MATHEMATICS— EDUCATION 

for 

ELEMENTARY  TEACHERS 


Purpose 


The  institute  is  designed  to  provide  the  opportunity  for  trv 
service  elementary  teachers  to  increase  their  knowledge  of  recent 
curriculum  developments  and  materials  in  science  pnd 
mathematics  and  to  improve  their  skills  in  the  use  of  these 
materials  for  effective  inquiry  teaching. 

It  will  also  serve  a  secondary  purpose  by  making  area  teacher* 
aware  of  resources  available  for  their  use  from  the  SME  Resource 
Center  and  the  opportunity  to  select  and  prepare  some  materials 
for  use  in  their  own  classrooms. 


June  13-  June  29 

Sponsored  by  the  National  Science  Foundation 


Participants 


Thirty  elementary  teachers  will  be  selected  from  counties 
within  1 00  miles  of  Murray  State  University  to  participate  in  the  in- 
stitute 

To  be  elr  <ble  for  consideration  an  applicant  must  have  taught 
at  least  ont  ,ear  and  be  a  teacher  or  administrator  in  an  elemen- 
tary school 

The  staff  w  H  select  participants  giving  consideration  to  length 
of  time  before  retirement,  background  in  science  and  mathematics 
education  and  geographical  distribution 

All  participants  must  be  accepted  for  admission  to  Murray  State 
University  Application  forms  for  admission  to  Murray  State  Univer- 
sity may  be  obtained  from  the  Dean  of  Admissions  at  Murray  State 

University 


•Program, 

The  institute  will  coincide  with  the  first  13  days  of  the  regular 
summer  session  at  the  University,  beginning  June  1 3.  1 978  and  en- 
ding June  29,  1978  The  institute  will  provide  three  credit  hours  of  ' 
graduate  credit  (SME  600),  Advanced  Integrated-Saence-Math 
Education  for  E'ementary  Teachers  which  may  be  applied  toward 
graduate  programs  where  appropriate 

The  core  of  the  institute  will  involve  the  selection  and  com- 
pletion of  instructional  modules  (MOOs)  in  science,  mathematics 
ond/or  methodology  utilizing  philosophy  and  materials  from  the 
ESS.  SAPA,  SOS  science  programs  and  the  MMP  math  program 
Some  MODs  will  be  required  and  others  may  be  selected  ac 
cording  to  the  interest  and  needs  of  the  individual  Objectives  are 
formated  m  behavioral  terms  and  assessments  will  b*  based  on 
fulfiiiir  g  these  objectives  Mosf'e valuations  will  be  oral  Creat-ve 
components  are  built  m?o  many  of  the  MODs  and  are  designed  to* 
assis*  participants  in  developing  the  types  of  creativity  needed  for 
effective  inquiry  teaching 

Group  sessions  will  be  scheduled  for  some  of  the  mornings 
with  tre  laboratory  and  resource  center  available  during  af 
fernoons  and  evenings  for  individual  and  group  activities  and 
the  preparation  of  instructional  materials 

f 

Benefits 

Each  participant  who  successfully  completes  the  institute  will 
receive  3  hours  graduate  credit  (tuition  free)  in  SAAE  600,  Ad- 
vanced !ntegrated-Scie/ice-Math  Education  for  Elementary 
Teachers  This  credit  may  oe  applied  toward  advanced  programs 
where  applicable  Materials  will  be  provided  by  the  institute  and 
each  participant  will  receive  a  $100  stipend  to  help  defray  cost  of 
travel  and  subsistence  while  participating  in  the  institute 


ERIC  ,  2* 


Staff 

The  instructional  staff  of  the  institute  is  tentatively  as  follows 

B  E  Burnley,  MS,  1966,  Ph  D  Candidate,  Arizona  State 
University  Assistant  Professor  of  Astronomv. 

Arvin  Crafton,  Ed  D,  1966,  University  of  Georgia  Associate 
Professor  in  Department  of  Professional  Studies 

Robert  Johnson,  Ph  D  1969,  West  Virginia  University 
Professor  of  Biology 

Christine  Parker,  F  D  ,  1974,  Auburn  University  Associate 
Professor  ot  Mathematics 


Facilities 

The  institute  will  be  conducted  in  the  ISMEP  Center  in  Mason 
Hall  The  Center  consists  of  a  resource  room,  a  classroom,  and  a 
well-equipped  laboratory  The  resource  room  contains  complete 
sets  of  materials  to  accompany  the  SAPA,  SOS,  and  ESS  elemen- 
tary science  programs,  many  mathematics  manipulates,  games, 
selected  films,  videotapes,  books,  and  other  selected  materials 
Modern  audio-visual  materials  are  also  available 


Administration 

The  Director  of  the  Institute  will  be  Dr  Gary  Boggess.  Dean  of 
the  College  of  Environmental  Sciences  For  application  blanks, 
complete  the  tear-off  section  and  mail  to 
Gary  Boggess 
Summer  Institute  in  SME  for 
Elementary  Teache^fc* 
311  Mason  Hall 
Murray  State  University 
Murray,  KY  42071 
Phone:(502)762-2718 

Requests  for  application  blanks  should  be  mailed  a*  mmih  a» 
poMMibh*,  Completed  application  blanks  must  be  postmarked  by 
(^ijttivh  15. 1978  to  guarantee  that  they  will  be  considered, 
-  ^^*!**utalions  to  participate  will  be  issued  by  April  15.  1978.  and 
notification  of  acceptance  must  be  received  by  M«%  1. 1978. 
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Science—AAalhematics—Educotion 
*  Resource  Center 

Murray  State  University 
Murray,  Kentucky 


Announces 
the  Second  — 

SUMMER  INSTITUTE 

in 

INTEGRATED  SCIENCE— MATHEMATICS— EDUCATION 

for 

ELEMENTARY  TEACHERS 

Jmm  13-Jwm  J9,  1979 

Sponsored  by  the  National  Science  Foundation 


Purpose 


The  institute  is  designed  to  provide  the  opportunity  for 
in-service  elementary  teachers  to  increase  their 
knowledge  of  recent  curriculum  development!  and 
materials  in  science  and  mathematics  and  to  improv# 
their  skills  in  the  use  of  these  materials  for  effective 
inquiry  teaching. 

It  wiii.also  serve  a  secondary  purpose  by  making  area 
teachers  aware  of  resources  available  "or  their  use  from 
the  SME  Resource  Center  and  the  opportunity  to  select  and 
prepare  some  materials  for  use  in  their  own  classrooms. 


Participants 

Thirty  elementary  teachers  will  be  selected  from 
counties  within  100  milei  of  Murray  State  University  to 
participate  in  the  institute. 

To  be  eligible  for  consideration  an  applicant  must  have 
taught  at  least  one  year  and  be  a  teacher  or  administrator 
in  an  elementary  school. 

The  staff  will  select  participants  giving  consideration  to 
length  of  time  before  retirement,  background  in  science 
and  mathematics  education,  and  geographical  distribu- 
tion. 

All  participants  must  be  accepted  for  admission  to 
Murray  State  University.  Application  forms  for  admission 
to  Murray  State  University  may  be  obtained  from  the  Dean 
of  Admissions  at  Murray  State  University. 


Program 


TKe  institute  will  coincide  with  the  lost  13  doys  of  the  first  summer 
at  the  University,  beginning  June  13,  1979  ond  ending 
-  29,  1979.  The  institute  will  provide  three  credit  hours  of  graduate 
credit  (SMI  600),  Advanced  lntegroted-Science-Motb-£ducotion  for 
Bementory  Teachers  which  may  be  applied  toward  graduate  programs 
where  appropriate' 

The  com  af  the  institute  will  involve  the  selection  and  cam- 
plttion  of  instructional  modules  (AAOOs)  in  science,  mathematics 
and/or  methodology  utilizing  philosophy  and  materials  from  the 
ESS,  SAPA,  SOS  science  programs  and  the  MMP^ath  program. 
Some  AAOOs  wrll  be  required  and  others  may  be  selected  ac- 
cording to  the  interest  and  needs  af  the  individual.  Objectives  are 
formulated  in  behavioral  terms  and  assessments  will  be  based  an 
fettling  *****  objectives.  Most  evaluations  will  be  oral.  Creative 
\  are  built  into  many  af  the  AAOOs  and  are  designed  ta 
!  participants  in  developing  the  types  of  creativity  needed  far 
effective  inquiry  teaching 

Group  sessions  will  be  scheduled  far  some  af  the  mornings 
with  the  laboratory  ond  resource  center  available  during  af- 
ternoons and  evenings  far  individual  and  group  activities  and 
the  preparation  af  instructional  materials. 

Since  the  institute  is  o  laboratory-oriented  progrom,  it  will  not  be  proc- 
ticoJ  to  enroll  for  other  college  work  during  the  time  of  the  institute 


Benefits 

Each  participant  who  successfully  completes  the  institute  will 
receive  3  hours  graduate  credit  (tuition  free)  in  SME  600,  Ad- 
vanced Integrated-Science-Math-Educatian  far  Elementary 
Teachers.  This  credit  may  be  applied  toward  advanced  programs 
where  applicable.  Materials  will  be  provided  by  the  institute  and 
each  participant  will  receive  a  $100  stipend  ta  help  defray  cast  af 
travel  and  subsistence  while  participating  in  the  institute. 
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Staff 

The  instructional  staff  af  the  institute  is  tentatively  as  fallows: 


B  E  Burnley,  MS,  1966,  Ph.D.  Condidate,  Arizona  Stole 
University.  Assistant  Professor  of  Astronomy 

Arvin  Crofton,  Ed.D  ,  1966,  University  of  Georgia  Associate 
Professor  in  Department  of  Professional  Studies. 

Harold  Eversmeyer,  Ph  D  ,  1965,  Kansas  f  tote  University.  Professor 
of  Biology 


i^t< 


Grady  Contrell,  Ph  D  ,  1966,  University  of  Kentucky  Associate 
Professor  of  Mathematics. 


r  J 

Facilities 


The  institute  will  be  conducted  in  the  ISMEP  Center  in  Mason  Hall  The 
Center  consists  of  o  resource  room,  o  classroom,  and  o  well-equipped 
laboratory  The  resource  room  contains  complete  sets  of  materials  ta 
accompany  the  SAP/,  SCIS,  ond  ESS  elementary  science  programs, 
many  mathematics  manipulates,  games,  selected  films,  videotapes, 
books,  ond  other  selected  materials.  Modern  oudio-visuol  materials  ore 
also  available 


Administration 


The  Director  of  the  Institute  will  be  Dr.  Gary  Boggess,  Dean  of 
the  College  of  Environmental  Sciences.  Far  application  blanks, 
complete  the  tear-off  section  and  mail  to: 
Dr.  Gary  Boggess 
Summer  Institute  in  SME  far 
Elementary  Teachers 
311  Mason  Hall 
Murray  Slate  University 
Murray,  KY  42071 
Phone:  (502)762*2718 
Requests  for  oppMcution  blanks  should  be  mailed  *•  immni  poaribU. 
Completed  application  blorks  m  js*  be  postmarked  by  March  15, 1979  to 
guarantee  Htat  they  w*li  be  ronsidered. 

Invitations  to  pattopatf  will  fct  *ti#ed  by  Vwil  15,  1979,  and 
notification  of  occsptante  rrust  be  received  by  Hey  1, 1974. 
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SECTION  VI 


PURPOSE 


The  institute  it  designed  to  provide  the  opportunity  for  in-secvlce 
elementary  teachers  to  increase  their  knowledge  of  recent  curriculum 
developments  and  Materials  in  science  and  mathematics  and  to,  improve 
their  skills  in  the  use  of  these  materials  for  effective  inquiry  teaching. 

It  will  also  serve  a  secondary  purpose  by  making  area  teachers  aware 
of  resources  available  for  their        from  the  SME^Respurce  Center  and  the 
opportunity  to  select  and  prepare     jme  materials  for  use  in  their  own 
classrooms. 
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Participant  Evaluation  of  SI  f78 


1. 


Faculty 

a)    Interest  In  and  dedication  to 


b)    Helpfulneaa  (Including  willingness  to  lot 

 participants  discover)  ;  


Please  Consent: 


f 

ft 
m 

ft 

p 
s 
• 

t 

5 
1 

1 

i 

s 

ft 

31 

31 
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2. 


Materials 

a)  Availability 


b)    Utility  in  the  course,  Sjg  600 


c)  Applicability  in  your  own  teaching 
Suggestions:  \ 


45 


3,  Facilities 

a)    Resource  Center 


b)  Laboratory 


c)    Management  of  facilities 


Suggestions: 


31 


4,  Program 

a)    The  MOD  approach 


b)    Ftltvance  of  Mods 


c)    quality  of  Mods 


d)    Evaluation  of  Mods 


e)  Outside  speakers 
Om**ntt: 


JL3 


t 
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Plea.*  writ,  coolant,  on  tha  following: 
5.    Effort  and  Reward 

•)    TltM  involved 

»)    Apparent  rovaroa  raapo* 

CoManta: 


6.  Proj«ction./Sugg..tion. 

a)    How  SHE  600  will  aaalat  you  In  yoar  t..ching 


b) 


Por  a  follow-up  throughout  *7S-'7t 


c)    Utility  of  ISWF'a  laaourca  Conter  throughout  tha  ragion 


d)    Spaclfic  changaa  for  no^t  .un**r'.  progra-  (SI  'W 


•)  Othar 


7.    What  war.  th.  "highlight."  of  II         for  you? 
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8.    In  an  attempt  to  evaluate  your  reception  of,  Interest  In,  and  utilisation  of  SHE  600 
MODs,  please  complete  this  attempt  at  measuring  competency  and  relevancy. 

Please  express  the  degree  to  which  you  feel: 

competent  to  return  to  your  local  situation  and  explain  each  of  the 
Ideas  to  your  fellow  faculty.  <, 

the  Importance  that  you  feel  should  be  placed  on  each  Item  In  your 
total  program. 

Respond  with  the  following  guidelines  In  mind: 


Competence 

4.    feel  quite  competent;  will  be  able 
to  help  others  understand  this  Idea 

3.    feel  moderately  competent 

2.    unsure  about  competency 

1.    do  not  feel  competent  enough 
to  help  others 


Importance 

4.    very  Important,  vital  to  an 

effective  classroom  program 

»  * 

3.    of  moderate  Importance 

2.    un.iure  about  Importance 

1.    not  at  all  Important  to  an 
effective  classroom  program 


Please  circle  your  response: 
MODs 

600-  Semlnar  on  Self  Concept 
(Dr.  Lewis  Bossing) 

601-  Int reduction  to  Inquiry  Program 
in  Science  &  Math  (Dr.  Ertle 

_  Thompson) 

602-  Comprehensive  School  Mathematics 
Program  I (Dr.  Ron  Ward  i  Clare 
Heldcma) 

603-  Material  Objects 

604-  lnterpolatlng  &  Extrapolating 

in  Terms  ot  Three  Simple  Physical 
Systems 

605-  Seminar  6  Exercises  in  Numeration 

606-  Cont rolling  Variables 

» 

607-  lnquiry  Teaching  Strategies 
(rather  Stanley  Bezuszka) 

608-  Newtdn's  Laws 

609-  Seninar  &  Exercises  in  Rational 
Numbers 
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4.321 
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4    3    2  1 

4    3    2  1 
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Importance 

4    3    2  1 

4    3    2  1 

S/4  1  i 

4    3    2  1 

4    3    2  1 

4    3    2  1 

4,  3    2  1 

4    3    2  1 

4    3    2  1 

4    3    2  1 

4    3    2  1 

AST  I 


Rtcomended  for 

SI  '79 

YES     NO  MAYBE 
/  <* 

HQ  MAYBE 

a,  f 


YES 


YES  NO 

A  ) 

YES  NO 

YES  NO 

*? 

YES  NO 
30 

YES  NO 

30 

YES  NO 


YE 


MAYBE 

7 

MAYBE 
<?> 

MAYBE 


MAYBE 
MAYBE 


MAYBE 


NO  MAYBE 


YES  NO 

A7 


MAYBE 


/ 


I.  (Continued) 
NOD* 

610-Cherecterlstlca  of  Living  Ullage 
ill-Moat  Tronofor 
412-Preperatloo  for  Video  Useaa 

61 3-  Videotaping  4  I* v loving  Leeeaa 

614-  Life  Cycloo 

615-  Floot  or  Sink? 

616-  Coaprehenslve  School  Hathaaatlce 
Program  II  (Dr.  Ron  Vara  4 
Clnro  Heldeae) 

617-  Co—ninltles 
61«-M»ke  and  Tako 

619-  Analysis  of  Mixtures 

620-  Nuabtr  Theory 

621-  Cell  Diviaion  4  Growth 

622-  Craphlng 

623-  The  Cycle  of  the  Moon 

624-  Metrlc  Measurement 

625-  Brine  Shriap 

626-  Teachlng  Ceoaetry  to*  E Instant ary 

Children 

627-  Soaps  and  Detergents 
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ISMEP 


MOD  100     Introduction  to  SAPA,  SCIS,  and  ESS 
OBJECTIVE: 

After  viewing  the  filmstrips  and  studying  the  accompanying  pamphlets, 
you  will  be  able  to  answer  the  questions  listed  on  the  attached  sheet. 

ACTIVITIES: 

1.  View  "Introduction,"  ESS,  SCIS,  -SAPA  filmstrip  programs. 

2.  Read  the  accompanying  pamphlets  for  the  filmstrip  programs. 

t 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Far  West  Laboratory  for  Educational  Research  &  Development,  Elementary 
Science  Information' Unit ,  filmstrip  and  cassette  on  "Introduction,  ESS, 
SCIS,  and  SAPA. 

2.  35  mm  filjnstrip  projector 

3.  Cassette  recorder 

FINAL  ASSESSMENT: 

You  will  draw  two  numbers  at  random  that  correspond  to  items  on  the  attached 
list  and  discuss  those  items  with  an  instructor.     You  may  use  notes. 
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MOD  100 


ASSESSMENT  ITEMS  PERTAINING  TO  ESS,  SAPA,  AND  SCIS:  ' 

1.  List  at  least  three  similarities  of  the  three  programs. 

2.  What  importance  is  reading  (by  children)  given  in  all  three 
programs? 

3.  What  is  meant  by  the  term  "process"  in  the  context  -of  'TScience 
A  Process  Approach?" 

k»    Discuss  the  goals  of  the  three  programs. 

$.    List  at  least  three  "topics  from  each  of  the  programs  and  give 
a  brief  description  of  each. 

6.  Discuss  the  evaluation  procedures  of  each  of  the  three  programs 

7.  Discuss  the  unit  sequencing  in  all  three  programs. 

8.  State  wh        one  of  the  three  programs  you  think  is  the  most 
structured  and  explain  your  answer. 

9.  Discuss  the  learning  cycle  presented  by  SCIS. 

10.  How  do  the  planners  of  SCIS  and  ESS  differ  in  their  approach  to 
the  use  of  "scientific"  terminology? 

11.  How  is  Piagetian  philosophy  incorporated  into  the  SCIS  curri- 
culum? 
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HDD  102  Observing  (Group  Activity)  (SAPA) 

Using  simple  material  objects  in  order  to  distinguish  between 
observing  and  inferring 

OBSERVING 

"Observations  ere  basic  to  any  scientific  investigation.    These  observations 
in  turn  lead  to  the  construction  of  inferences  that  can  be  tested  by  further 
observation.    Therefore,  observing  provides  both  a  basis  for  constructing 
inferences  and  for  testing  existing  inferences.    In  SAPA,  observations  are 
statements  of  properties  that  can  be  perceived  by  use. of  the  senses ."  SAPA, 
Guide  for  Inservlce  Instruction,  p.  11. 

OBJECTIVES: 

At  the  conclusion  of  this  group  session,  you  should  be  able  to? 

1.  identify  and  nana  properties  of  an  object  or  situation  by  ualng  at 
least  four  senses; 

2.  distinguish  between  observations  and  Inferences; 

3.  state  the  observations  In  quantitative  tens  whenever  possible; 

A.    describe  observable  changes  of  properties  of  an  object  or  a  system; 
5.    describe  an  object  so  another  person  can  identify  the  object  in 
a  set  of  similar  objects. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SAPA,  Guide  for  Inservlce  Instruction,  pp.  1  -  3, 

2.  See  reference  above  for  materials  and  procedure. 

FINAL  ASSESSMENT: 

See  objectives  above. 


(Students  receive  this  sheet  after  the  group  activity  so  their  observations 
are  not  biased  and  so  they  have  a  record  of  the  activity.) 
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MOD  102  -  Observing 


Pretend  that  you  do  not  know  that  the  Item  In  front  of  you  is. 
To  indicate  this,  call  it  the  object.    List  as  many  observable  properties 
of  the  object  as  you  can.    U$e  any  of  the  other  items  to  help  you  make 
your  observations.    Be  sure  to  make  your  list  before  reading  on. 

Now  review  your  observations*    Here  are  seme  questions  to  use 
as  you  check  your  list. 

1.  How  many  of  your  senses  did  you  use? 

2.  Did  you  Include  any  quantitative  observations?    For  example, 
did  you  measure  the  size  or  weight  of  the  object? 

3.  Did  you  list  any  observations  that  Involved  a  change?    Did  you 

use  the  water  or  the  catch  to  change _the  properties  of  the  object? 

4.  Did  you  include  any  inferences  in  your  list  of  observations? 
For  example,  did  you  say  tnat  the  object  was  a  sugar  cube? 

If  you  said  it  was  a  sugar  cube,  ask  yourself  If  a  sugar  cube  is  a 
property  you  can  actually  observe  with  your  senses.    If  you 
hadn't  known  that  the  object  was  a  sugar  cube,  would  you  have 
known  for  sure  that  the  object  wasnvt  something  else,  like  a 
herbicide,  a  fertilizer,  or  even  a  poison  disguised  to  look  like 
a  sugar  cube? 

After  thinking  about  these  questions,  add  to  your  list  of  observa- 
tions and  delete  any  statements  which  appea*.  to  be  inferences  rather 
than  observations.    The  following  activity  will  provide  you  with  some 
guidelines  that  should  enable  you  to  make  more  complete  and  accurate 
observations. 
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MOD  103  Numeration 

This  MOD  is  designed  to  provide  you  with  insight  and  perspective  into 
difficulties  encountered  in  understanding  our  numeration  system. 

OBJECTIVES: 

After  completing  this  MOD  you  will  be  able  to: 

1.  Distinguish  a  number  and  a  numeral. 

2.  Understand  and  name  some  properties  of  various  numeration 
systems. 

3.  Discuss  the  importance  of  properties  that  ire  inherent  in 
our  numeration  system. 

Understand  and  use  the  concepts  of  grouping,  trading,  and 
place  value  in  the  number  system  witu  an>  'i'sp. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS; 

MMP,  burner  at  ion 
Multiba.se  arithmetic  block** 
Colored  chips 
Abacas 

Two  or  ihree  dice 
I'ROCr'Dl'kE: 

1.  In  MMi\   Numeration,  do  Activities  I,   2,  A,  and  j.    Do  not  write  In  books 

2.  Prepare  a  game  to  be  us**d  in  connection  with  p#r»uplns;  for 
your  permanent  tiie. 

J 

FINAL  AS3ESSMLNT: 

K     Bring  your  response  sheets  and  gane  to.  the  evaluation, 

2.     lie  prepared  to  answer  questions  on  Ml  points  in  ubjoAtives, 


3 
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For  Activity  2,  Part  F,  #7. 

CROSS-NUMBER  WZZIC 
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4.  OCLXV 
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5 
t 

to.  ccxxm 
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16. 
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19.  f999llll 
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MOD  10  .    Material  Ctojectf  (SCIS) 
Obeenrlng,  cUaaifylr 

PREREQUISITE:    Im<I  SCIS,  Material  CMecti.  Teecher'e  (hilde,  "The  SCIS 

Conceptual  Fraaevork , ,r7rProgran  Overview,"  end  "Clue*  for  the 
Teecher,"   pp.  8-17. 

> 

OBJECTIVES: 

1.  At  the  completion  of  thle  MOD,  you  will  be  feniliar  with  the  SCIS 
phlloeophy  end  the  eater'He  end  reference,  of  SCIS,  Material  Objects. 

2.  Given  e  rock  end  e  definition  of  the  word  "property,"  you  will  be 
a>le  to  liat  at  leaat  5  properties  of  that  tock. 

3.  Given    five  wooden  blocks,  you  will  classify  them  into  a  classification 

*    4.    flESTfour  metal  pieces,  you  will  classify  then  into  a  classification 
scheme. 

5,    Given  vials  01  aawduet  and  woodshavings ,  you  will  match  the  dust  and 

shavings  to  blocka  of  similar  wood. 
6e    Given  5  different  liquids,  *ou  will  list  at  least  5  properties  of 

each  and  in  addition  list  at  leaat  3  properties  of  any  combination 

of  the  5  liquids. 

7,    Given  certain  type*  of  gases,  you  will  observe  and  identify  properties 
of  those  gases. 

IHSTTJJCTIONAL  REFERENCES  &  MATERIALS: 

1.  SCIS,  Material  Objects,  Teacher's  Guide 

2.  Materials  from  *  commercial  kit  of  Material  Objects 

FINAL  ASSESSMENT: 

1.  See  objectives  above. 

2.  Each  activity  identifies  furthfr  tasks  to  be  performed  and  the 
materials  to  be  kept  for  the  final  assessment. 
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PR0C8DOU: 

These  ectivitiee  refer  to  8CI8.  Material  Objects .  Teacher's  Cuide. 

1.  Reed  "Objects  In  the  Classroom,"  pp.  24-25.    Be  able  *o  discuss  the 
meaning  of  the  word  "property." 

2.  List  at  least  five  properties  of  a  rock  selicted  froa  the  box  of  200 
assorted  rocks.    The  Instructor  irill  try  to  identify  your  rock  in  the 
collection  froa  your  set  of  properties.    Your  ability  to  perceive 
"property"  will  be  determined  on  this  basle. 


3».     Take    five  numbered  wooden" blocks;  classify  them  by  the  scheme  in  the  'teacher's 
Guide,  p.  43.     Identify  them  as  oak,  walnut,  pine,  balsa  or  mahagonv.  ,  For  t"he 
final  assessment  bring  to  your  instructor  your  classification  chart  and 
your  selection  of  blocks    used  in  the  exercise. 

r 

A  .    Take       four  metal  pieces  sod  classify  them  according  to  the 

scheme  presents*  in  the  Teacher'e  Guide,  p.  43.    At  the  time  of  your 
final  es^sement  bring  to  your  inatructor  your  classification  chart  and 
"  your  selection  of  metal  pieces. 


*>  .    The  objective  of  this  activity  is  to  mstch  the  vials  of  wood  dust  and  woo< 

.  that  vou  have  classified  and  identified.  Io  the  MOD  trey,  find 

6  visls  of  wood  dust  end  shavings.    Thess  are  labeled  1  through  6. 

Yen   may  conduct  taata  on  the  smaller  *?locke  but  not  on 
the  larger  blocks.    Fill  in  the  chart  below  and  present  It  to  the 

Instructor  at  the  final  assessment. 

ViaX  Type  of  Wood 

r  " " 

1  -  

2   — 

3   .  

4   

5  :  •    ,  ■  
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6.    Dcscrlbs  the  proper ties  of  five  different  liquids  and  describe  various 
conblaationa  of  liquids. 

List  at  least  S  propartlas  of  aach  labalsd  container  of  liquid.  Please 
usa  fluids  sparingly. 

Liquid  A  Propartlas 

1.  .  . 

2.  .   _ 


4. 


5. 


Liquid  JL  Properties 

1.   

2.  

3.  

4.  

5. 


Liquid  C  Properties 

1.   m  

2.  

3.  " 

4. 


Liquid  D  Properties 
1. 

2.   

3.   

4.  ^  

5. 
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Liquid  I  Properties 

1.  '.  —  

2.  ;  

3.   ■  :  

4.   —  

5.  ;  

Proceed  b-  mixing  any  combination  of  two  or  mors  liquids  la  •  separate 
vial.  Describe  the  properties  o£  your  new  liquid.  Bring  this  vial  of 
nixed  liquid  to  your  lnatructor  at  tha  tins  of  final  assastwwit 

Properties  of  new  liquid  alsad  from  liquids  labolad   

if 

1.   __  

2.     <  — 

3.    ,  —  

4.   .  — 

If  neceeeary,  daacrlba  mora  completely  on  the  back  of  this  sheet. 

If  tha  properties  of  your  oaw  Uquld  changa  aftar  5  minutes,  1  hour,  or 
24  hours,  daacrlba  how  they  changa  on  tha  back  of  this  paga. 


Read  "Observing  Caees,"  pp.  5B-59  and  perform  tha  experiments.  Record 
your  data  on  tha  back  of  this  paga.    Bring  your  data  to  tha  lnatructor. 
You  will  find  Preon-12,  balloons,  Iodine  crystals,  and  balloon  pump  In 
tha  MOD  tray.    Please  read  tha  precautions  concerning  lodlna  and  Preon 
in  the  SCIS,  Teacher's  Guide,  p.  58. 
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MOD    105    Numeration  in  the  Elementary  School 

This  MOD  will  provide  an  opportunity  for  a  general  overview  of  the  scope 
and  sequence  of  numeration  topics  In  the  elementary  school  and  some 
hands-on  experience  with  grouping  and  place  value  aids. 

OBJECTIVES: 

At  the  end  of  this  MOr  ...  *     .         ble  to: 

1.  Arrange  an  appropriate  se^uei.^e  for  numeration  activities  for 
elementary  school  children, 

2.  Be  familiar  with  grade  level  of  various  numeration  topics  for 
elementary  school  student?. 

3.  Select  appropriate  hands-on  .aids  for  different  numeration 
concepts. 

4.  Extend  numeration  concepts  to  decimals. 

5.  Apply  use  of  exponents  in  writing  numbers  in  scientific 
notation.  ° 

< 

;;STFJCTTONAL  REFERENCES  AND  MATERIALS: 

1 .  MMP ,  Numeration  ** 

2.  MMP  Slide-tape,  "Numeration  in  the/Elementary  School" 

3.  Abacus,  colored  chips,  Dienes* blocks,  bundling  sticks,  untfix 
cubes,  place  value  charts 

4.  Construction  paper,  scissors,  ruler,  glue,  centimeter  grid  paper, 
felt-^tir  oens 

5.  ^  Jlementary  school  mathematics  textbook  series,  found  in  Resource 

Center 

PROCEDURE: 

1.  View  the  MMP  slide- t~^e,  ''Numeration  in  the  Elementary  School." 

2.  ^    In  MMP ,  Numerators,  uo  Activity*"/,  parts  2  and  3b,  Activities 

8,  11,  12  a.i'J  1 

FINAL  ASSESSMENT: 

1.  bring  all  work  shen*  and  '-.mpleted  projects  to  the  evaluation. 

2.  Be  able  to  respond  to  ul'    nt>j actives  above. 

3.  Prepare  for  a  brief  written  exercise  on  scientific  notation. 
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MOD  10  6  Classifying  (SAPA) 
Punch  Cards 

CLASSIFYING 

"There  are  many  ways  tc  construct  classification  systems.    Ir.  SAPA,  one,  two 
or  oultl-stage  classification  systems  are  emphasized.    In  these  systems,  each 
stags  divides  objects  to  be  sorted  Into  9  those  that  possess  a  certain  observable 
property'  and  ' those  that  do  not  possess  this  ob3ervable  property'. "  SAPA, 
Guide  for  Inservice  Instruction,  p.  102 

OBJECTIVES: 

1.  Given  a  set  of  8  objects  whose  numbers  you  have  drjawn  from  a  list  of 
20  objects,  you  will  write  a  classification  key  In  the  presence  of 
the  instructor.    The  key  should  enable  anyone  ignorant  of  the  names 
of  the  objects  to  identify  exactly  each  one. 

2.  Using  the  classification  key  you  made  for  a  set  of  10  or  more  objects 
which  you  have  chosen  (not  from  the  MOD  tray),  you  will  code  the 
classification  into  a  sample  punch  car*  system. 

3.  Given  the  set  of  puiich  cards  you  mad£  to  classify  the  objects  above 
in  2,  you  will  use  your  punch  card  system  to  identify  the  objects 
selected  by  the  instructor. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  Collection  of  20  objects  available  in  laboratory 

2.  Set  of  10  or  more  objects  provided  by  student 

3.  SAPA,  56,  Punch  Cards 

4.  SAPA,  67,  Identifying  Materials 

5.  Stiff  paper  cards  of  urfiform  size 

6.  Paper  punch 

7.  Small  metal  rod 

FINAL  ASSESSMENT: 

t.  ■ 

1.  See  objectives  ebove 

2.  For  assessment  of  obj*c    ^es  2  and  3,  bring  the  real  objects  that 
you  used  to  the  Instructor. 

(*nis  MOD  mty  be  Introduced  in  a  brief  meeting  of  the  entire  class.    Page  A  of 
this  MOD  may  be  used  to  facilitate  the  Introductory  discussion.) 
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A  classification  key  or  a  texoooulc  key  is  «  printed  device  which  allows  an 
Inexperienced  otumr  to  identify  an  unknown  objact.   In  tba  conatructlon  of 
ouch  a  hay  for  a  sat  of  object*,  tba  problen  la  to  dlffarantlata  between 
objacta  la  an  affldant  way. 

Given  tha  following  set  of  objacta: 

boll,  pint  pong  ball,  thunbtack,  plaatlc  rular,  natal  apoon, 
•trow 


your  objective  la  to  onabla  a  hypothetical  paraon  oho  would  not  know  any  of 
thaoa  thlaga  to  pick  than  out  of  tha  eat.   First,  divide  tba  objacta  Into  two 
autwnlly  exclusive  group*,  for  exsnple,  those  that  contain  natal  and  those  that 
do  not.   than  divide  each  of  these  subgroups  again  Into  two  euteelly  exclusive 
groups.   The  nou-ejetalllc  objects  could  be  divided  Into  those  that  «re  bell* 
shaped  and  those  that  are  not.   Tha  following  key  la  the  outcoas  of  such 
divisions: 


/  "  ■  \ 

taro  sharp 
point 

I  do  not  barm 
J  sharp  point 

Set  of  6  Object*  | 

|do  not  conteln  nets!] 
lore  bell-ehepedl      |  sre  not  bell-shiped  | 


contain 
rubber  . 


do  not 

contain 

rubber 


have  tha 
ahape  of 
long 
hollow 
tube 


does  not  have 
the  ahepe  of 
long  hollow  tube 


an  observer  who  doee  not  know  sny  of  the  six  objects  can  pick  any  one  of  then 
and,  bj  coopering  ice  properties  egeinat  the  descriptions  in  ths  key,  csn 
correctly  classify  It. 

Suggeeted  sctlvity:  Set  up  e  elaaoif icatlon  key  for  a  group  of  6  to  8  people 
that  would  eneble  e  etrenger  to  your  group  to  identify  any  neater. 

Ton  have  loomed  fron  tha  above  ectlvlty  to  aet  up  claaaiflcatlon  schenes  for 
sets  oi  objects  -  schenes  baaed  on  autuelly  exclusive  propertlea  of  those 
objects.   Ta.  following  explenation  ahould  help  you  to  be  eble  to  aet  up  a 
punch  card  eysteo  vhlch  codes  s  claaaiflcatlon  In  an  orderly  way. 


Collect:  10  or  wore  real  object*  to  claeeify  and  ■eke  a  card  for  each 

The  e*  d*  rbr;  U  te  rether  atlff  and  ociforu  in  else  such  ee  fx  5  or  4'V  6  note  cards  > 

Divide  end.  <ierd  in  Co  sections  to  Include  the  ounber  of  propertlea  need  In  your 

elooelllcetloa.  At  the  top  leave  two  extre  sections  for  ths  nana  of  the  object 

end  for  special  propertied. 
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Cut  th«  mm  corMr  off  Mch  card.   Approximately  H  Inch  froa  the  edge  of  each 
card  Mice  a  rov  of  punches ,  one  punch  In  each  section,  except  for  the  top 
section!  with  the  nana  of  the  object  and  the  special  properties.   Tour  cerds 
will  look  like  this: 


I 

fib 

1 


m 

u 

.3 

0 


• 


u 


Special  Properties  -  not  Included  below 
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s 
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• 

! 

I 

• 

• 

• 

• 

i 

CO 

• 

s 

• 

• 

U 

• 

ll 

• 

J 

is 

■O  0 
aH4* 

is 

K- 

•h  O 


If  necessary,  the.  ends  end  both  sides  of  the  card  My  be  used. 


Bow  coda  the  cards.    Take  the  flrat  card  and  write  In  the  mm  of  the  object. 
Then,  la  each  section,  Indicate  whether  the  object  has  the  characteristic  or 
property  deelgnated  by  that  section.    Every  answer  oust  be  "yes"  or  "no."  To 
Indicate  a  "yes"  answer,  cut  a  V  froa  the  edge  of  the  card  Into  the  punch  hole. 
To  Indicate  a  "no"  answer,  leave  the  section  aa  It  la.    Note  how  thle  relatee 
to  the  selection  of  autually  exclusive  categories  la  the  previous  exercise. 
If  m  object  has  a  special  prc^rty  not  set  up  as  a  section,  write  It  In  the 
space  for  special  properties.   After  cards  have  been  nsde  for  all  the  objects, 
thay  can  be  sorted  by  using  a  pin  or  saall  aetal  rod.   Snail  knitting  needles 
work  will. 

To  identify  en  unknown,  slide  the  sorter  through  the  hole  which  corresponds  to_ 
a  certain  property  la  the  unknown.   Gently  shake  the  cards  and  lift  the  *orterT~> 
The  cards  .which  fall  out  of  the  deck  represMt  objects  that  have  the  property 
la  question,  get  aside  the  cards  that  renela  on  the  sort  sr.   Use  the  stack  of 
cards  Aat  drop,  atlect  another  property  aad  sort.   Mow  you  know  that  the  cards 
that  fall  one  have  the  flrat  aad  second  property.   lepeat  the  sorting  process, 
using  properties  of  the  unknown  object  until  only  one  card  rensins.    If  wore 
than  OM  card  r eat: as,  write  the  special  properties  on  the  cards  giving  another 
mms  of  distinguishing  between  objects. 

•e  prefer*!  to  deacMtrate  how  your  systen  works  for  say  individual  object  the 
lMtru:tor  nay  Mlcct  froa  your  collection. 
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Special  Properties 
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Take  the  SAPA  Module  67  cards  (5"  x  8")  in  the  MOD  tray  and  follow  the  instructions. 
When  you  f inish  completely  the  sorting  instructions,  put  the  card  labeled  start  here 
back  on  tcp  o*  *he  deck*    The  order  of  the  other  cards  is  unimportant  * 
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MCD-107  Teaching  Children:    Numeration  Concepts 

PREREQUISITE:     MOD  103,  105 
OBJECTIVE:  ' 

After  viewing  the  video  program  of  "model"  teaching  your 
ISMEP-partner  and  you  will  plan- and  teach  to  four  or  five 
children  appropriate  concepts  and  skills  on  numeration. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1 .  Indiana  Model  Teaching  Video  Programs  on  Numeration 

2.  Elementary  mathematics  textbooks 

3.  MMP,  Numeration,  Activities  15  and  16 

i4.    Video-tape  recorder 
5.    TV  monitor 

PINAL  ASSESSMENT:  , 

Your  plan  will  be  discussed  with  and- approved  by  your 
instructor (s)  prior  to  the  actual  teaching  experience. 
Shortly  following  the  actual  teaching  a  30-minute  time 
period  will  be  scheduled  with  your  instructor (s )  to 
discuss  and  evaluate  the  experience.     Input  from  the 
classroom  teacher  will  be  sfought  and  utilised  to  the 
extent  possible.  \ 
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EXAMPLES  OF  BEHAVORTAL  OBJECTIVES 


(  SEQUENCE  OF  OBJllTI Vf ' 
f$R  OE\  ELOPING  THF  MAT  I  PL  If  A"  i,  U  *,i,i.p;T'V 


Tr-  ch'ld  will  be 


throuq*.  g  <  9, 


The  child  will  be  able  L  tino  the  preset  u*^n  a  PHiltipl*  o. 
ten  's  r,iUi^lied  by  a  s incil e-diqit  nw!'W»r 

TMe  '*nld  will  tr  aMe  lj  t  the  r.r*..' Jt  «  wr,eil  trf--di  rt 
ani  Mrv.n:*  aids. 


;  -ncT.  .  >  :»«it  tit  ir  ns 


V  "1  v  v  tw;  -  h  , .  ♦ 
.  us  >nn     •  i  .  it,.) 


*^  -      .J  vr       i»»  able   *     "mc  t'f  f'.rt   ..m  >n  *»    -d1  *f 

w^'lj  ni r  be     »t  t    *  .*  1  th*  'f"i..  • 


^  t  ^  -i!lr  L'»  fir«n  the  ^ro:1.i     '>or;  a^v  t,,o-diyu 

S    "  j  1 1  liil  *P-1  Lf  ?  fwr -digit  0  •  »•  .i  hn  pi  r  - .» 'M  . 

'-onn.tat'o^s 


The  chill  he  able  to  '  ird  the  pro  ..  f  ,^or  ar,/  tn-ee-  (:r 
n,ircy  l{n""t  nj-^ber  is  ni'tiijlif.j  bv  a  *w<  1i»r«t  rumor  j-.jf^ 
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MOD  1Q&  Formulating  Hypotheses  (SAPA) 
FORMULATING  HYPOTHESES  ' 

"In  this,    SAPA  sequence,  students    len*n  thdt.  hypotheses  are  Inferences 
generalized  to  include  all  objects  or  cvent3  of  the  same  class... In  SAPA  the 
term  hypothesis  is  also  used  for  a  generalization  about  observations... 
Hypotheses,  like  inferences,  can  be  tested.     It  is  easier  to  find  an  obser- 
vation that  does  not  support*  ,1  hypothesis  than  it  is  to  make  all  possible 
observations  required  to  :.^pl/rt  ir.    The  more  tests  made  that  provide  data 
that  support' a  hypothesis,   the,  irore  confident  we  are  of  the  hypothesis. M 
SAPA,  Supplement  to  the  Guide,  tor  Inservice  Instruction,  p.  1.  > 

OBJfCTIVES: 

Given  the  materials  and  references  in  this  MOD  tray  you  will  be  able  to: 

1.  distinguish  between  statements  that  are  hypotheses  and  those  that 
are  not;  4 

2.  distinguish  between  statements  that  support  a  hypothesis  and  those 
that  do  not; 

3.  construct  a  testable  hypothesis  from  a  given  set  of  observations; 

4.  construct  more  than  one  hypothesis  from  a  given  set  of  data. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS : 

SAPA,  70,  Formulating  Hypotheses  a 

PROCEDURE:  , 

Distinguishr.ng  between  Hypotheses  and  Observations 

1.  Read  SAPA,  70,  Formulating  Hypotheses  a.  Rationale 

2.  Obtain  materials  from  the  MOD  tray  and  complete  the  introduction. 

3.  Complete  the  sheet."  ''Choose  the  Hypotheses."    See  the  file  cabinet 
at  side  of  the  Uo.    Use  the  image  developer  to  check  your  responses. 

4.  Complete  activity  1,  2,  or  3. 

5.  Obtain  a  copy  of  the  G~oup  Competency  Measure  from,  the  MOD  tray. 
Read  it  carefully  and  fellow  the  instructions.     If  you  miss  more 

v  than  two  of  the  seven  tasks,  you  should  repent  this  part  of  the 

MOD,,  again. 

FINAL  ASSESSMENT : 

«    Sr?T*v  to  your  instructor  the  booklet  cited  above  and  the  enclosed 
dats  ,ihcpf»;  for  evaluation  of  the  objectives. 
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MOD  109.  Graphing  I 

This  MOD  Is  Intended  to  broaden  your  view  and  skills  in  constructing  and 
interpreting  graphs,  and  to  provide  you  with  some  Ideas  concerning  the 
possible  roles  of  graphs  in  the  elementary  curriculum* 

=> 

OBJECTIVES:  fV 

After  completing  the  activities  you  will  be  able  to: 

1.  Identify  and  discuss  some  ways  to  use  graphs  as  a  link  between 
other  subjects  and  mathematics.  4 

2.  Given  appropriate  data  and  equipment,  construct  bar  graphs,  line 
graphs,  plctographs,  and  circle  graphs. 

3*    Interpret  bar  graphs,  line  graphs,  plctographs,  and  circle  graphs. 

4.  .  Locate  points  on  both  two-dimensional  and  three-dimensional 

rectangular  coordinate  systems. 

5.  Convert  directed  graphs  to  ordered  pair  and  ordered  pairs  to 
directed  graphs. 

6.  Describe  and  demonstrate  sets  of  ordered  pairs  that  represent  the 
following  relationships: 

a)  reflexive 

b)  symmetric 

c)  transitive 

6.    State  and  demonstrate  the  meaning  of  one-to-one  correspondence. 
.INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Graphs 

2.  Elementary  mathematics  textbooks 

3.  Newspapers,  magazines,  etc.  with  graphs 

4.  Graph  paper 

*  5.    Ruler,  compass  and  protractor 
6.    Slide/tape  "Overview  of  Graphs  in  the  Elementary  School" 

/ 

PROCEDURE:  / 

/ 

1.  In  MMP,  Graphs,  read  "Overview  of  Graphs  in  the  Elementary  School" 
or  view  the  MMP  slide- tape,  "Graphs  in  the  Elementary  School." 

2.  In  MMP,  Graphs,  do  Activities  1,  2,  4,  10,  and  11. 

3.  Look  through  some  current  magazines  and  find  at  least  three  different 
graphs.    Put<them  on  construction  paper  and  laminate  them  for  your 
permanent  file.  1 

FINAL  ASSESSMENT: 

1.  Bring  your  response  sheets  and  graphs  file  to  the  evaluation. 

2.  Be  prepared  to  respond  to  all  topics  in  the  objectives. 
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-    CONTROLLING  VARIABLES 

"In  acience  and  in  many  other  artas,  invtatigatora  try  to  determine  what 
variable*  or  factor*  influence  the  behaylor  of  a  system  and  how  they  influence 
it.    In  order  to  do  thia  they  manipulate  one  variable,  called  the  Manipulated 
variable,  and  measure  the  effect  on  another  variable,  called  the  responding 
variable.    The  success. of  the  investigation  will  depend  on  the  ability, of  the 
investigator  to  prevent  other  variablea  fro*  changing.    If  there  ia  a  change 
in  only  one  variable  and  an  effect  i»  produced  on  another  variable,  then  the 
investigated  can  conclude  that  the  effect  Lea  been  brought  about  by  the  changes 
in  the  manipulated  variable.    If  more  than  one  variable  changes,  there  can  be 
no  certainty  at  all  about  which  of  the  changing  variablea  causes  the  effect  on 
the  responding  variable."    SAPA,  Supplement  to  the  Guide  for  Inservice  Instruction, 

,7  P-  17.  j 

I 

OBJECTIVES:. 

1.  Tou  will  name  at  least  5  variablea  involved  in  the  upward  movement  of 
liquids,  in  materials.  \  L  . 

2.  fivej,  tfie  liquida,  papers,  and  equipment  neceaaary  for^the Jnve"*i«- 
*ion    you  will  identify  which  variablea  are  manipulated  (independent), 
which  variablea  are  reaponding  (dependent)  and  whi,  n  variablea  are 
held  constant  (controlled)  in  a  atudy  of  the  upward  movement  of 
liquids  in  materiala. 

—    3.    Given  the  materiala  in  objective  2,  you  will  *  monstrate  that. 

a.  a  liquid  moves  upward  faster  in  some  Mtvt  \U  than  in  others, 

b.  m  a  given  material,  different  liquids  mo     up««d  at  different 

c.  temperature  of  a  liquid  affert.  the  rise  oft  a  liquid  in  a  given 

material.  .       .  . , 

4  U.  You  will  formulate  two  questions  about  the  systems  of  variables  you 
$  have  studied  and  you  will  seek  to  find  an  answer  to  at  least  one  of 

your  questions. 

5.    Given  a  verbal  description  of  an  experi-ent,  you  will  be  able  " 

identify  the  manipulated,  the  responding,,  and  the  controlled  variables. 

. INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

\ 

lv  SAPA.  62,  Climbing  Liquids, 

2.  Different  type*  of  paper 

3.  Detergent 

4.  Ruling  alcohol 

5.  Salt  and  sugar  solutions 

6.  Baby  food  Jars,  beakers  or  other  containers 

7.  Clothespins  o~  vires 

8.  Hot  plate 

9.  Thermometer 

FINAL  ASSESSMENT: 

1.  Present  your  lab  sheets  and  graphs  to  cover  objectives  1  and  2. 

2.  Discuss  your  results  pertaining  to  objective  3. 

3.  Present  your  questions  and  answers,  con pleting  objective  4u 

4.  See  objective  5.  MOD  110 


PROCEDURE: 


Hold  a  strip  of  paper  to  that  ona  and  of  the  atrip  is  iaaersed  in  a 

container  with  10  nilliaeters  of  water  and  observe  what  happen*.  Support 
the  paper  by  the  clothespin  on  a  wire  rod.    Support  the  rod  by  a  clamp 
on  a  pole.    Liat  below  the  factora  or  variables  that  Might  possibly  affect 
what  happens. 


1. 


2. 
3. 
4. 
5. 


* 

 \ 

— 

— ^ — 

t 

V 

Others 


Tt 


In  each  experiment  you  perfox 
rise  of  liquids  in  materials. 


consider  the  responding  variable  to  be  the 
)eslgn  experiments     to  answer  the  following 


questions: 


1. 
2. 


Will  water  move 


higher  In  some  materials  than  in  other s?. 
Does  the  width  if  the  blotting  paper  make  a  difference  in 
how  far  the  wat  sr  rises? 

3.  Will  some  liquids  (other  than  water)  move  f Aster  or  slower 
t  than  yater? 

4.  Does  the  deptfi  to  which  you  immerse  the  blotting  paper  in 
*            ^the  water  affect  the  height  to  which  the  water  rises? 

5.  Does  the  temperature  of  the  water  in  each  vial  affect  the 
height  to  whi\h  liquids  rise? 

6.  Does  paper  th*t  has  been  wet  and  dried -out  behave  like  new 
paper?  ;  - 

In  the  space  below,  describe  your  investigations.    Identify  in  each  Case  whiph 
variables  are  manipulated  and  wh}ch  are  held  constant.    You  should  complete  at^ 
least  three  demonstrations  regarding  the  rise  of  liquids  in  material*.  Please 
return  liquids  ^containers  after  use.    CAUTION;    If  you  use  the  thermometer, 
please  handle  it  with  care. 


QUANTITATIVE  OBSERVATIONS  NEED  TO  BE  RECORDED  TO  MAKE  A  __. 
Manipulated  Variable    Responding  Variable     variables  Held 
(independent)  (dependent)  (controlled) 


H! 

onstant 


Observations 


1. 


H 


MOti  lid 


fr  ~ 
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Plot  the  data  you  have  collected  for  each  investigation  on  graph  paper. 
Make  some  predictions  from  your  graphs  and  test  these  predictions  in  a 
final  experiment. 

Discuss  below  the  results  of  your  demonstrations,  fulfilling  objective  3: 


/ 


/  child  pnychoiofiot  to  J^««122r  ^ISrlTiocUl  Darcan- 

vari.ty  of  .oclal  .ltuatlooa,  «ad  than  ha  SchcbaT  »5« 

this  davlca  ha  obtains  a  acora  batMaaa  0  and  uw  tor  aacn 


r«pr«sant  hi|har  aoclal  parcaf  tli 
tlvanaao.    Note:    Identical  twins  are  genetic  equals. 


Iatha.bc*.  paraph. ^^^^^^loTSi1^  o^r 
raapoodlas  Tarlablaa,  and  tha  controlled  wiablan.   can  yoa 
variables  you  would  Ilka  to  control!  . 
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Hrf  u  «i  lM«t  2  qoMtloM  mO^t        this  NOP. 


I. 


C1t»  an  vHNt  to  at  laaat  ooa  of  tha  afcova  qoaatiooa 


Please  do  not  consult  SAPA  62,  Climbing  Liquids,  until  after  you  have 
carried  out  the  activities  outlined  In  this  MOD. 
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MOD  111    Graphing  II 

This  MOD  is  to  Sllow  you  to*  explore  graptur*  as  a  part  of  many  different 
elementary  school  activities  and  subject  areoj  other  than  mathematics. 

PREREQUISITE:    MOD  109 

OBJECTIVES :  , 

At  the  conclusion  of  this  MOD  you  should  be  able  to: 

1.    Prepare  a  lesson  plan  for  an  activity  involving  graphing,  including 
objectives,  prerequisite  skills  needed,  and  appropriate  grade  lev*!. 
y  2.    Describe  graphing  activities  for  subject  areas  of  the  elementary 
curriculum  othet  than  mathematics. 

3.  Plan  an  activity  for  children  involving  coordinate  systems  in 
some  elementary  subject. 

4.  List  ways  in  which  coordinate  systems  are  'evolved  in  a  child's 
life  outside  the  classroom. 

r 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

} 

1.  MMP,  Graphs 

2.  Several  elementary  mathematics  textbooks,  found  in  Resource  Center 

3.  Reference  books  on  games  for  graphing 

PROCEDURE: 

1.  In  MMP,  Graphs ,  do  activities  3,  5,  and  7. 

2.  ^  Prepare  a  game  to  be  used  in  a  lesson  on  graphing  fox  your 

permanent  file. 

3.  Prepare  a  lesson  plan  for  teaching  in  MOD  113. 

FINAL  ASSESSMENT: 

1»    Schedule  an  assessment  period  with  the  instructor (s) . 

2.  Bring  your  papers  and  game  completed  to  the'  assessment  period. 

3.  The  MOD  will  be  completed  when  t;he  activities  are  completed,  the 
objectives  met,  and  the  instructor (s)  approves  one  of  your  plans 
to  be  used  in  MOD  113. 


» 
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EXAMPLES  OF  BEHAVORIAL  OBJECTIVES 

S 

.   FOR  MOD  111 

A  SEQUENCE  OF  OBJECT  I VF'..  ^ 
FOR  DEVELOP Iht  THE  MULTIPLICATION  ALGORITHM 

.Trio  child  will  b*  able  to  state  trV  KMjrf.  for  all  cr,;  na- 
tion combtnatior  s  through  9x9. 

The  child  wllVte  able  to  find  the  product  when  a  m-jltiol*  of 
ten  1s  nultipTfed  by  a  si*gle-d1g1t  nunber. 

The  child,  will  be  able^to  find  the  product  When  any  two-dint 
number  is  multiplied  by  a  single-diqn  nu-'brt  ,  usinj  concrete 
ana  pictorir?  aids.  •  • 

The  cnilj  will  be  able  to  find  the  pt'>dj'tV»an  any  twc-dicit 
njrb/r  is  njltiplied  by  a  swa1e-di"i?  rw*lrrt  ,js inq  vd^r-auc- 
pencil  corporations/* 

"he  cr  i  Id  will  be  able  to  find  the*  f  rr-.'-  .-.r  v^en  »»,y  t*rt-*-  f6« 
f^e^  di^t  rnrnber    s  multiplied  by  3    w  V  digit  r  i.fer, 
'ornvig  coaptations  w'ith  peiLil  arvf  |M*>rr. 

TU  c^lJ  will  be' able  t?  rind  the  r*o<Wct  wn?n  dn>  tw,-;n}U 
mj.  ber    s  P'ultipl  led  fry  ?  sViple  ■>/  t#.1( 

TV  child  w?n  be  aile  to  fm<i  the  ,'redw-f  a,fy  t/rj^iq  * 

'UJlV'»'''       "luUipTw\i  try  a  two^diqit  n».n»  or .  usif.'j  coro-t^  anj 
iM;to»  ;al  4ii  > 

Thr    »Mlti  will  he  able  to/ind  t*e  prodm  1  when  an/  tao-diqiV 
nytrr  is  njltiplied       a  two-digit  ru  •t.rr ,    -.inu  paper-.":}- 
Pencil  computations 

The  child  will  ft?  able  to  find  the  pro'1w<  f.  v.*en  any  th-'ee-  (o^ 
wt)  dtait  nunber  is  "utHI'plied  by  a        digit  rurbe*-  -j-,ug 
pai>» r-  ind-^nt'l  computations. 
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MOD  112    Interpolating  and  Extrapolating  in  Terms  of  Four  Simple  Physical 
Systems 

Predicting  (SAPA) 
PREDICTING 

"Predictions  .  . '.  are  extensions  (interpolations  and  extrapolations)  of 
observations  to  other  observations  of  the  sane  kind.    A  prediction  is 
tested  by  making  further  observations  similar  to  those  upon  which  the 
prediction  is  based."    SAPA,  Guide  for  Inservice  Instruction,  p.  118. 

OBJECTIVES: 

1.  Given  three  systems  of  variables,  you  will  manipulate  each  system  and 

a.  record  in  an  orderly  table  the  values  of  the  variables  as-  the 
system  undergoes  changes; 

b.  con$ cruet  a  <graph  to  represent  the  relationship  between  the 
variables;  * 

c.  make,  predictions  by  extrapolating  or  interpolating  as  directed 
in  each  system. 

2.  For  a  foyrth  system  involving  time,  velocity,  acceleration,  and 
distance,  you  will: 

a.  perform  appropriate  calculations  to  generate  data'  and  record 
the  data  in  orderly  tables;* 

b.  construct  graphs  to  repr^ant  the  relationships  between  the 
variables; 

c.  make  predictions  by  extrapolating  as  directed; 

d.  compare  the  nature  of  the  relationships  by  comparing  the  graphs. 

3.  You  will  invent  and  set  up  your  own  system  of  variables  different 
from  the  ones  above,  manipulate  the  system,  and  i^ake  £  prediction 
on  the  basis  of  your  observations. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  '  * 

1.  SAPA,  The  Basic  Science  Processes,  in  the  MOD  tray  (Reference  only) 

2.  Graph  paper 

3.  Small  graduates  and  medicine  droppers 

4.  Bolts  ^ind  nuts  / 
✓  5.  Balance 

.6.  Springs;  and  spring  stands 

7.  Weights  -  ' 

8.  Meter  sticks  » 

9.  SAPA,  48,  Bouncing  Ball  Reference  only) 

10.  SAPA,  53,  Suffocating  Candle  (Reference  only) 

FTNVL  Ac  .~SSME!$7: 

See  object;"  si,  2,  and  3  above. 


*  N)te*     T*e  either  a  triple-beam  balance  or  a  double-arm  type. 
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PROCEDURE:  %  -  -  - 

v      fK»  following  systems,  and  obtain  data  shewing  the 
Mtmipulate  each  of  the  followxn*  »y«t     .  manipulated 

rclatioeahip  of  one  variable  ^If^'.^^t^y  to  submit  an  orderly 

variable  and  which  ia  the  responding  va riab le.   *e  -eacy 

teble  of  data  end  a  graph  corresponding  to  each  system,    ae  re*  y 

you  can  make  predictions  from  each  grape.  . 

Syatem  #1:    One  ml.  equals  the  volume  of  drops. 

sized  drops. 


Predicted  number  of  drops  for  7  ml 
Measured  number  of  drops  for  7  ml  _ 


nuts. 


System  #2:    One  bolt  weighs  as  much  as  __ 

Given  the  bolt,  and  nuts  provided  Ir  the  Uboretory   set  up  a  ta^.hostn, 
the  relationship  between  their  woigits.    Get  data  f or  1, 
Extrapolate  to  predict  the  number  of  nuts  for  5  bolts. 

Predicted  number  of  nuts  for  5  bolts  — .  

Measured  number  of  nuts  for  5  bolts  —  


System  if 2: 


Given  the  springs,  meter  sticks  and  weights  provided,  collect  data  and  _ 
a  ?!  Z\  Lv  that  shows  -he  relationship  between  the  stretch  of  the 

predict  the  stretch  for  50  g. :  interpolate  to  predict  the  stretch  for  25  g. 
\nen  verify  ycur  predictions  in  i:^  laboratory. 


Predicted  stretch  for  50  g._ 
Measa?J  stretch  for  50  g._ 


Predi:ted  s'letch  for  25  g. 
MeasM^ed  stietch  for  25  g._ 
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System  #4: 

Consider  an  object  moving  at  a  constant  velocity  of  2  meters/second. 
Plot  the  points  on  a  graph  of  distance  vs.  time  for  2,  4,  6,  8,  10, 
and  12  seconds  of  elapsed  time.    How  far  has  the  object  tiavelled 

during  8  seconds?  during  12  seconds?   How  far  will  i:  v:o, 

in  17  seconds?   Do  you  have  to  figure  this,  or  will  the  graph 

show  you  (by  extrapolating)?  * 

Now  consider  an  object  in  free  fall.     (It  cpuld  be 'droppec  c,f  a  tall 
building  or  from  an  aircraft.)    As  it  falls,  it  will  accelerate  'ue 
to  gravity)  by  9.8,  or  almost  10  meters/second,  each  second  it  is  in 
a  state  of  free  fall.    Thus,  at  the  end  of  second  4l9  its  velocity 
Is  9.8  m/sec.    At  the  end  of  second  #2,  its?  velocity  is  19-.6  m/sec, 
etc.    Plot  the  velocity  at  1,  2,  and  3  seconds.    Now  determine  the  _ 
velocity  at  4  and  6  seconds,  by  extrapolation  on  the  graph. 

Now,  on  a  separate  graph,  plot  another  sez  of  points  to  denote  the 
distance  the  object  has  fallen  at  the  end  of  A)  2,  3,  and  4  seconds. 
Remember,  the  velocity  is  changing  by  9.8  m/sec  while  in  free  xall. 
To  determine  distance  during  a  period  of  acceleration,  multiply 
average  velocity  by  time.    Thus,  at  the  end  of  1  second  the  object 
in  free  fall  has  fallen  v0  +  v»  or  0  +  9. 8m/ sec    v  ,  at>„  _  ,  Q  _ 

 2  x   °    x  1  sec  -  J*1 

where  ^  s  instanteous  velocity  at  time  0  and%t  =  instanteous  velocity 

at  time  t.    At  the  end  of  2  seconds  it  has  fallen  0  +  19.6    x  2  or  19.6  m. 

2 

At  the  end  of  3  seconds,  it  has  fallen  0  +  29.4    x  3  etc- 

2 

Plot  the  distances  it  has  fallen  in  a  free  fall,  or  accelerating  situation 
for  1  sec,  2  sec,  3  sec,  and  4  sec    What  Is  the  major  difference  between 
this  line  and  the  others  you  have  plotted? 

Can  you  extrapolate  with  much  accuracy -for  6  or  9  seconds  of  free  fall  by 
using  only  the  graph? 

From  the  graph  extrapolate  distance  for  6  seconds  and  for  9  seconds.  Now 
calculate  distance  for  6  seconds  and  for  9  seconds.     Can  you  extrapolate 
with  as  much  accuracy  on  this  graph  as  on  the  other  two?   WJiy? 


Set  up  or  find  a  system  of  variables  analogous  to  the  first  three  systems 
above.    Describe  your  system  of  variables  and  specify  how  it  is  to  be 
manipulated.    Record  your  observations,  graph  the  results,  and  predict  a 
value  to  be  obtained  by  extrapolate  1  or  interpolation.    Then  test  jo  see 
how  correct  your  prediction  :.s  and  racord  the  results  below. 
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Teaching  Children:    Graphing  Concepts 


PREREQUISITE:    MODr   109,  III  

OBJECTIVE:  *- 

After  viewing  the  video  program  of  "model"  teaching 
your  ISMEP -partner  and  you  will  plan  and  teach  to 
four  or  five  children  appropriate  concepts  and  skills 
on  graphing  concepts. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  India  la  Model  Teaching  Video  Programs (on  Graphing 
Concepts 

2.  Elementary  mathematics,  textbooks 

3.  MMP,  Graphs 

j+.    Video-tape  recorder 
5.    TV  monitor1 

FINAL  ASSESSMENT: 

Your  plan  will  be  discussed  with  and  approved  by  jour 
instructor(s)  prior  to  the  actual  teaching  experience. 
Shortly  following  the  actual  teaching  a  30-minute  time 
period  will  be  scheduled  with  your  instructor(s)  to 
discuss  and  evaluate  the  experience.    Input  from  the 
classroom  teacher  will  be  sought  and  utilized  to  the 
extert  possible. 


\ 
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MOD  114    Seminar  on  Inquiry  and  Children  K 

PREREQUISITE:    Completion  of  MOD  101 

Read  mimeographed  reprint  in  MOD  tray 

OBJECTIVES: 

At  the  conclusion  of  these  seminars  you  should  be  able  to:.  ^ 

1.  list  Piagetian  intellectual  stages  in  children; 

2.  identify  the  age  range  of  each  state  and  describe  the  principal 
characteristics  of  thinking  in  children  at  each  stage  of  development;- 

3„    list  application  of  the  aforementioned  knowledge  to  science!  teaching; 
A.    plan  lessons  that  will  enable  children  to  ask  more  meaningful  questions; 

5.  identify  convergent  and  divergent  questions  and  show  appropriate 
situations  where  each  type  of  question  can  be  employed; 

6.  state  probable  relationships  between  wait/ time  questioning  and  at 
least  five  possible  outcomes; 

7.  state  an  average  acceptable  wait/ time  period; 

8.  be  knowledgeable  of  in  acceptable  rate  for  asking  questions  of 
children. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  'Indiana  University,  The  Piagetian  Developmental  Theory  Series: 

Conservation  and  Classification,  two  video  tapes  in  Resource  Center 

2.  Video-tape    projector  -  \ 

3.  mimeographed  reprints  in  file  drawer  n 

FINAL  ASSESSMENT: 

These  seminars  will  conclude  with  a  quest ion-and-answer  session  involving 
the  instructor  and  student  participants.    Group  responses  will  be  the 
determining  factor  of  success  in  attaining  the  objectives. 
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MOD  115    *ation£l  Numbers  I 

This  MOD  is  intended  to  provide  a  more  precise  understanding  of  rational 
numbers.  '  * 

OBJECTIVES:  r 

At  the  completion  of  these  £xerci:,es  you  will  be  able  to: 

1.  Define  a  rational  number. 

2.  Present  physical  embodiments  that  can  be  used  in  developing  the 
concept  of  rational  numbers. 

3.  Use  pairs  of  numbers  in  presenting  rational  numbers. 

4.  Make  ^  »  afb  seem  reasonable. 

5. 4    Understand  and  explain  equivalent  fractions. 
6.    Find  common  denominators  by  three  methods. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Rational  Numbers 

2.  Cuisenaire    rods,  paper 

pro:edure:  , 

1.  From  MMP,  Rational  Numbers,  do  Activities  1  (parts- 1  &  3), 
7,  8,  9,  10,  and  11. 

2.  Prepare  a  game  (for  a  permanent  file)  on  some  concept  of 
rational  numbers  used  in  this  MOD. 

FINAL  ASSESSMENT: 

1.  Bring  all  work  sheets  and  your  game  to  the  evaluation. 

2.  Be  prepared  for  questions  on  all  objectives. 
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MOD  116  Small  Things  -  , 

Observing 

OBJECTIVES:  • 

1.    Learn  to  use  and  care  for  the  microscope. 
;        2.    Learn  to  prepare  slices  of  living  material. 

3.  , Describe  characteristic  properties  of  specimen  observed  tinder 

a  microscope. 

4.  Make  accurate  observations  and  record  them  in  an  organized  fashion. 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  1  . 

1.  ESS,  Small  Things,  Teacher's  Guide 

2.  Dropper,  pepper,  thread,  microscope  slides,  cover  slips,  onion, 
.knife,  hand  lens,  forceps,  methylene  blue,  eosin  y,  iodine, stain,  i 
toothpicks,  scissors  / 

Suggestion:    Use  the  compound  microscopes  instead  of -the  small,  blue 
ones  for  better  results.  '* 


FINAL  ASSESSMENT: 

1.  See  the  objectives  above. 

2.  Be  prepared  to  discuss  your  written  records-  with  the  instructor* 
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PROCEDURE: 


1.  These  activities  refer  to  investigations  in  ESS,  SiLall  Things, 
Teacher's  Guide*.  Read  the  following  pages  as  prep* ration: 

a.  "Introduction,"  pp.  1-8. 

b.  Investigation  1— "Don't  Let  the  Microscope  Fooj  You,"  pp.  9-15. 

c.  '  investigation  2--,rA  New  Look  at  an  Onion,"  pp.  31-33.  <> 

d.  Investigation  3— "Using  Stains  to  See  More  about  Cells,"  pp.  41-43. 

e.  Investigation  4— "You  -  Instead  of  the  Onion,11  r>p.  47-48. 

2.  Using  the  Small  Things  Teacher's  Guid*,  complete  inve&ci: ations  1-4, 
writing  your  answers  and  making  youf  drawings  on  the  worksheets 
provided  in  this  MOD.  -r 
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SMALL  TklNQS  WQRKSHEET 

AREA  ONE  Page  1 


INVESTIGATION  1 
Don't  Let  The  Microscope  Fool  You 

YOUR  NAME: 

FINDING  OUT  ABOUT  MAKING  THINGS  LOOK  LARGER 

it  you  would  like  to  see  very  small  objects,  you  must  look 
at  thorn  through  a  lens  that  makes  things  look  a  great 
deal  larger  than  they  really  are. 

Do  you  have  any  idea  what  such  a  lens  would  .ook  like?\ 

Take  a  crayon  ,  nd  draw  a  small  circle  on  a  microscope 
^id-  using  a  '    i!cine  dropper,  put  as  much  water,  as 
P.JSS  .,  e  .n  the  circle  Lifl  your  slide  and  examire  it  from 
e  side.  -  , 

7 

Now  look  at  the  drawings  below. 

1.  Circle  the  drawing  that  most  resembles  the  side 
view  of  your  water  drop.  \ 


■C-,  lC\       i  ^  i  Q 


This  water  drop  will  now  be  you'  '~ns.  At  the  bottom  of 
the  page  are  some  words  printed  so  small  that  st  is  very 
hard  to  read  them.  Place  your  slide  with  the  water  drop 
over  one  of  the  words  and  lift  ^e  siide  until  the  word 
appears  large  and  clear. 

Can  you  read  the  word?  What  is  it?  


3.  Ho-,,  does  its  appearance  change  when  you  look 
ai  i'  through  the  water-drop  lens?  


o 
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Us.  ig  larger  anc  smaller  circles  with  d.*f erent  amounts 
of  water  in  t,hem,  see  if  you  can  make  a  more 
powerful  water-drop  lens. 

4  In  the  space  below  sketch  a  side  view  of  your  weakest  and  your 
most  powerful  lens  to  show  their  sizes  and  shapes. 


5.  Describe  your  water-drop  lens  that  stands  up 

t 

highest  from  the  slide  .  


6.  Would  another  liquid  make  a  more  powerful  lens?. 

7.  Would  a  clear  piastic  rod  magnify?-  ■  

8.  Would  an  empty  bottle  magnify?  


9.  Would  a  bqttWftrif  of  water  magnify 


ifv?  ' 


10.  Now  draw  a  side  view  of  your  hand  lens. 

11.  How  would  you  describe  a  lens  to  a  friend?. 


TRY  YOUR  MICROSCOPE  ANp  FIND  OUT 

Ycu  kno*  that  a  microscope  makes  things  look  larger  than 
trvjy  actually  are.  You  may  also  krow  that  a  microscope  can 
help  vou  tr>  see  things  that  are  tbo  small  for  your  eyes  alone 
to  see  M  does  other  things,  too.  Here  are  some  suggestions 
to  help  you  find  out  more  about  the  microscope. 

F.  st,     s  look  at  the  simple  microscope.  Using  what  you 
n'w  knc  »/  nhcit  lenses. 


1.  Hew  many  lenses  can  you  find?  

2.  Turn  one  of  the  round  knobs.  What  does  it 
s??m  to  do'  


3.  What  happens  when  you  turn  the  other 
ro  ind  knob?-_   


/  «n  mod  llG 
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4.  What  do  you  think  is  the  purpose  of  the  mirror?. 


IT  TAKES  LIGHT  TO  SEE 

We  usually  look  at  things  through  the  microscope  by 
reiectmci  light  through  them.  Lock  through  the  microscope 
an  J  turn  ttv>  mi  ror. 

t 

1.  Tew   d  what  does  the  mirror  face  when  it  looks 
brightest  in  the  microscope?  


2.  Which  way  does  the  mirror  face  when  it  looks 
darkest  in  the  microscope7  


3.  What  happens  when  you  cup  your  hand  around 


the  mirror*? 


4.  Can  you  still  see  through  the  microscope  with 
your  hand  around  the  mirror0  — 


HOW  M JCH  CAN  YOU  SF£  AT  ONE  TP*E? 

Look  at  the  smaM  w  -,r*s  at  the  oottom  of  The  page 
and  choose  one  to  'ook        ough  your  microscope. 

«.  How  rr.v-ch  of  the  w?-d  do  you  think  you  can 
see  through  the  microscope  at  one  time?  — 


•  „-,ar  »he  word  off  and  try  it.  Put  it  on  a  slide  and  wet  it  to 
make  ><  -t.**k  to  the  slide  better.  This  word  is  your 
S|*cimon,  ^    b,ect  you  are  going  to  look  at.  Insert  the 
si  de  under  t<*  .  lens  strip.  Then  carefully  lower  the  lens 
until  it  fimost,  but  not  quite,  touches  your  slide. 

Dok  through  he  lens  as  you  turn  the  focus  knob  carefully 
tc  movf  tr?  leis  up  away  from  the  s'ide.  Adjust  the  mirror 
so  that  /6u  gt  as  much  light  as  possible.  If  you  have 
tiovb?"  Reusing,  ask  your  teacher  for  help. 

2.  How  many  letter  are  "n  the  word?  
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3.  How  many  of  the  letters  can  you  see  at  one 
time  through  the  microscope?  

4.  How  much  of  the  word  can  you  see?  

Now  take  a  scrap  of  plain  paper  and  draw  on  it  a  circle  the 
size  you  think  you  will  be  able  to  see  all  at  once  through  the 
microscope.  Wet  the  paper,  put  it  on  a  slide,  and  look  at 
it  tnrough  the  microscooe.  \ 

5.  Can  you  see  the  whole  circle?  f 

6.  Make  a  copy  of  your  circle  in  the  space  below. 


If  you  can  see  the  whole  circle,  good!  If  not,  keep  drawing 
circles  on  scraps  of  paper  and  locking  at  them  through  the 
microscope  until  you  get  the  largest  circle  that  is  the  right  size. 

7.  As  you  make  each  circle,  copy  it  in  the 
space  above. 

This  will  "ive  you  a  record  o'  how  many  circles  you  drew 
and  whaUheir  sizes  were.  Mar*  the  circle  that  is  just 
exactly  the  right  size  to  see  i  "?ugh  your  microscope.  This 
circle  represents  the  size  of  your  microscope  fieW.  The 
first  time  we  looked  at  a  circle  through  a  microscope,  we 
were  very  surprised  at  how  sma!<  a  field  the  m  croscope  had. 


9 
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.  field  o'  hand  lens 


ide  better.  This  word  is  your  speci- 
ire  going  to  look  at.    Insert  the 
'strip.    Then  carefully  lower  the 
but  not  quite,  touches  your  slide. 
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INVESTIGATION  1 
Dont  Let  The  Microscope  Fool  You  i 

YOUR  NAME. 

HOW  TO  PREPARE  A  SLIDE. 

You  have  been  tboking  at  letters  andccircles.  Use  your 
microscope  now  to  look  at  something  else.  Try  dust, 
pepper,  thread,  or  some  other  small  object.  Whatever  you 
put  on  your  slide  is  called  a  specimen. 


First,  put  your  specimen  on  the  slide. 


Very  carefully  add  a  single  drop  of  water. 


To  cover  the  specimen  with  a  cover  slip, 
touch  one  edge  of  the  cover  slip  to  the 
drop  of  water,  then  gently  lower  the 
cover  onto  the  specimen.  Keep  the 
bottom  of  your  slide  dry. 


1.  What  specimen  did  you  use?  

Look  first  i x  your  specimen  with  your  eyes 
alone  and  then  iojk  at  it  through  the  microscope. 


2.  Dc  you  see  bubbles?  Vb 


pepper 


air  bubble 


MOD  116 


72 


V) 


-8- 

SUAU  THINGS  WORKSHEET 

AREA  TWO  Ptm2 
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3.  What  does  the  microscope  seem  to  do  to  your 
specimen?    


Try  making  a  slide  without  using  a  drop  of  water. 

4.  Can  you  see  the  specimen  more0clearly  with  or  without 

water?  


MEASURING  THE  SIZE  OF  SPECIMENS 

So  that  you  won't  be  fooled  by  your  microscope,  you  need 
some  way  to  measure  how  small  the  things  you  see  through 
it  actually  are.  One  way  to  do  this  is  to  compare  them  with 
something  else  whose  size  you  already  know. 

1„  Name  several  very  small  things  that  you  might 
put  on  your  microscope  slide  to  use  as  a 


measure. 


One  small  thing  that  you  might  use  for  a  measure  is  a  hair. 
Pull  a  hair  from  your  head.  Look  at  it  carefully  with  your  ^ 
eyes  alone  Cut  off  about  1  inch  from  the  hair  and  make 
a  slide  with  this  piece. 

2.  How  many  hairs  side  by  side  would  you  need 
to  fill  the  field  of  your  microscope?—  


3.  Just  for  fun.  how  big  would  your  head  have  to 
be  if  your  hairs  were  really  the  size  they 


look  through  your  microscope? 


Make  a  slide  with  a  piece  of  thread  and  a  hair  side  by  side. 


4.  How  many  hair  widths  wide  is  the  thread?. 
(You  may  abbreviate  "hair  width"  as  hw.) 


Try  the  other  small  things  that  you  named  as  measures. 

5.  Which  of  your  measures  works  best  for  you?. 
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I  WESTIGATION   I  v 
OorVt  Let  The  Microscope  Fool  You 

YDUR  NAME: 

MAKING  A  COMPOUND  MICROSCOPE 

Tear  off  a  small  word  from  the  bottom  of  this  page. 
Dampen  the  paper  and  put  it  on  a  slide.  Look  at  it  through 
your  microscope. 


1.  In  the  space  at  the  -ight  draw  a  picture  of  what  you 
see.  Now  place  the  zoom  lens  attachment  on  the 
microscope  es  in  the  picture. 


2.  Look  through  the  microscope  at  your  slide.  You  may 
have  to  extend  the  zoom  and  refocus  the  microscope 
to  get  a  clear  image.  You  may  need  more  light.  When 
y :  j  can  see  your  slide  clearly,  look  at  it  carefully.  You 
have  changed  your  single-lens  microscope  to  a 
compound  microscope.  The  second  lens  is  called  the  — 
ocular  lens.  mod  i  it> 
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Bot-i  the  simple  and  the  compound  microscope  can  be  used 
in  your  study,  btt  the  compound  microscope  might  fool 
yoi;  yet! 

3.  Draw  a  picture  in  the  circle  of  what  you  now  see. 

4.  When  you  use  the  second  lens,  are  the  letters 
larger  or  smaller  than  they  looked  earlier?  

5.  Do  the  letters  look  right  side  up  or  upside 
down?_  

6.  Did  you  place  the  word  on  the  slide  right  side 
up  or  upside  down?  

7.  Look  and  be  sure. 


WHEN  THINGS  MOVE  UNDER  THE  MICROSCOPE 

Remove  the  attachment  and  look  through  the 
simple  microscope  at  the  sMq  with  the  small  word 
on  it.  While  you  are  looking  through  the  microscope, 
pull  the  slide  slightly  iO  the  left. 

1.  Are  the  letters  still  right  side  up  or  are  they  upside  down?  

Ft  II  the  slide  slightly  to  the  ^gh\i 

2.  W^ich  direction  did  the  letters  move  then?  

Acain  change  -  ur  simple  microscope  into  a  compound  one 
by  adding  the  ?ocond  lens.  Foc^r  the  specimen  in  your 
m  croscope  and  again  puM  the  slide  slightly  to  the  left. 

3.  Which  direction  dio  the  letters  seem  to  move?  

Pull  the  slide  s  -jhtly  to  the  right. 

4.  Which  direction  did  the  letters  seem  to  move?  — 
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5.  What  do  you  think  will  happen  when  you  look  in 
this  compound  microscope  and  move  your 


slide  away  from  you? 


6.  Were  you  right  in  your  guess7-:  

If  you  were  not,  look  through  the  compound  microscope 
white  your  partner  moves  the  slide.  Tell  him  which 
direction  he  moved  it.  Continue  to  do  this  until  you  can 
state  correctly  which  way  the  slide  is  actually  moving  when 
j*  Sa*>  ns  to  move  to  the  right,  to  the  left,  away  from  you, 
or  toward  you. 


SEEING  MORE  ABOUT  SOMETHING  BUT  LESS  OF  IT 

Earlier  you  looked  at  small  circles  through  your  microscope. 
Look  now  at  the  family  of  circles  below. 

o     C     O      O      O  O 


Imagine  putting  them  one  by  ot.r  under  the  simple 
microscope. 

1.  Mark  the  circle  you  think  you  would  be  able  to 
see  all  at  once  in  the  microscope  field. 

Tear  off  «  -ircle  from  the  bottom  of  the  page.  Moisten 
the  paper  and  v. '  it  on  a  slide. 

2.  What  do  you  see"  in  the  microscope?  — 

If  yo  j  could  not  see  it  all,  try  another  circle  until  you 
have  the  right  size. 

3.  If  you  looked  at  the  same  circle  u  nder  the 
compound  lens,  would  you  stiil  be  able  to 


see  all  of  the  circ'e?- 
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Ad  J  the  second  lens  to  change  your  simple  microscope 
into  a  compouni  one.  Now  look  at  the  circle  again. 

4.  Can  you  see  all  the  circle  in  the  field  of  the 
higher-power  microscope?  


5.  What  does  increasing  the  power  of  the  microscope 
do  to  the  size  of  tho  circle?  


6.  What  does  increasing  the  power  of  the  microscope 
do  to  the  size  of  the  *ield?  j— 


I 
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CARING  FOR  YOUR  MICROSCOPE 
Is  Th?  U*ns  Clean? 
;v  Tne  Lens  In  Place  Properly? 

is  T'rv  Viir.v  "fee  From  Dust? 

i 

Have  you  Learned  To  Take  Care  Of  j/our  Equipment? 
Can  You  Answer  Yes  lo  aii  Of  Thes^  Questions? 
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Don't  Let  The  Microscope  Fool  Yqu 

YOUR  NAME 

FINDING  OUT  MORE  ABOUT  A  COMPOUND  MICROSCOPE 

Perhaps  there  ss  a  regular  cornoound  microscope 
availab  e  to  you. 

1.  Does  it  ftpve  -cvera!  lenses  of  deferent  sizes0  

If  so,  this  worksheet  w='i  help  you  to  learn  more  about 


2.  Which  'rn&       •  •  *hmk  wou.d  make  objects 

iookt  largest'' .._         -  • — — •  - 

T^aroff  a  snal!  word  be<ow,  mo,-*"  •»     put  It  on  a  slide, 
and  focus  one  of  the  lenses.  Then  refocu  >  the  microscope, 
usino  a  second  sens.  Repeat  if  your  microscope  has  a  third  Sens. 


3.  •,       'en«?  makes  th>-.>  word'  lock  iarcest?  

4.  Whicr-  ,s  the  next  most  Kowcful  lens'?  u  

List  th-j  lenses  f:om  the  lowest  power  to 

thf  '-■"■■'-•est    _  .     .    ;'  

6  'Vhicn  lens  do  you  tnink  would  have  the  largest 


SMALL  /THWOS  WORKSHEET 

AREA  FIVE  Pit*  2 


Let  s  check.  Mat  e  a  tiny  x  in  a  small  piece  of  paper.  Put 
the  paper  on  your  slide  and.  lock  at  it  with  each  lens. 


7.  Whish  lens  makes  the  x  look  largest?  

8.  Which  lens  has  the  largest  field  (sh.ows  the  most 
area  of  the  x)?  


9.  When  you  use  a  ^h-oower  lens,  do  you  see 
more  of  the  x  or  1°  ~  .7  


10.  When      x  'ooks  larger,  does  the  field  become 

larper  or  smaller?  

Look  at  the  draw.ngs  t?'cw. 

\  11  Write  a  number  1  bes.de  the  drawing  that  looks 

most  hke  your  x  when  you  use  >e^s  number  1. 

12.  Similarly  numberi  the  drawings  that  correspond 
to  lens  2  and  lens  3. 


Now  fill  in  '.he  -'•-inks  n  »>«  sentence*  below. 
1      13.  T*-   hir^w-.i-.^e' lens  h3s  the 


I  

'  1(13    1!  '.0  


\      14.  The  lowCf-:  'we! 
(target ,  :^?"er) 

,     15.  The  higher-power  lens  :hows 
(more,  less) 

~"ie  tower-power  lens  shows  _. 

re, ,tSb/ 


__  field. 


 field. 

.  of  the  specimen. 


 of  the  specimen. 


1-  The  lowor-i$e*¥er  -ere  makes  the  specimen  look 
t  .an  the  highe&DOwe'  lens,  (larger,  smaller) 


tc. 


lowe'-ocX'.'  'ens  shows 
_3heroov«>y  'ens  'more,  less) 


7y  . 


 o*  ^e  field  than  tha 
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A  New  Look  A1  An  Onion 

YOUR  4^W£ 

WHAT'S  INSIDE  AN  ONION? 

No  doubt  you  have  seen  onions  often. 

But  have  you  really  looked  at  an  onion?  Look  at  an  on.on 

carefuliv  What  do  you  see7 

PerhaDS  vou  see  the  dred  -mains  of  rootlets  and  the 
X  endwhere  the  leaf  blades  died  off  - 
■  the  outer  s*m?  Peei  off  some  outer  sk,n  Th.nk  «bou. 
wh?*  the  onion  might  loc     ,p  ir>s;  -se. 


SMALL  THINGS  WORKSHEET 
AREA  ONE 


15- 
Page  1 


1.  Sketch  vyhat  you  tn/nfc  you 
would  see  if  you  cut  the 
onior.  lengthwise  from  the 
leaf  end  to  the  root  end. 

2.  Now  si'ce the  omon  length- 
wise ano 

sketch  what  vou 

see. 


3.  Next  sketch  what  vol1  think 
you  would  s?e  'f  you  cut 

>r.o  of  your  onion  slices  >n 
half  -  'ess  the  roundest 
part. 

4.  Out  through  the  roundest 
jar*  ikrch  what  you 
iee. 


THINK 


GEE 
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SMALL  THINGS  WORKSHEET 

AREA  ONE  Page  2 


YOU  CAN  SEE  EVEN  MORE 

Perhaps  you  think  you  have  really  seen  an  onion.  Have 
you?  You  can  help  your  eye  by  looking  at  an  onion  with  a 
hand  tens. 

1.  How  does  the  lens  help  you  to  see  the  onion?. 


Layer  by  layer,  gently  separate  the  onion.  Look  at  one 

of  the  layers  through  the  hand  lens.  Look  at  its  inner  edge. 

2.  What  do  you  see  that  you  had  not  seen  before?. 


v*ik  a  layer  and  use  your  tweezers  to  puU  it  apart. 
Try  to  find  what  separates  the  parts  of  the  layers. 


3.  What  did  you  find?. 


\ 


Now  carefully  ceel  off  a  piece  of  the  thin  skin  found  on  the 
in  iide  C  each  'ayer.  Try  to  lay  it  on  a  slide  without  folding 
it  Hoid  it  up  to  the  light  and  look  at  it  through  your  hand 


ie  is. 


4.  What  car?  you  see?  
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SMALL  THINGS  WORKSHEET 

AREA  ONE   Page  3 

HEU  ING  VOUR  l:YE  TO  SEE  STILL  MORE 

Ybu  oan  use  the  microscope  to  see  still  more  of  an  onion.  r 

Take  a  piece  of  the  thin  onion  skin  smaller  than  our 

fingernail.  Place  it  on  a  microscope  slide  and  pjt  a  drop 

of  water  on  it.  Put  the  cover  slip  over  the  onion  skin- 

carefully' 

Look  at  your  slide  through  the  microscope  and  tilt  your 
mirror  back  and  forth  Does  adjusting  the  light  ue!p  you 
to  see  the  on*on  skin  better'?  Turn  the  mirror  back  and 
forth.  Get  a  bright  field  in  your  microscope  Get  a  dark 
field  in  your  microscope. 

1.  Do  some  parts     the  specinen  stay  Sight  and 

shiny  more  than  others?—  .  — - 

2.  Which  of  the  drawings  below  looks  most  like 
what  you  see  of  the  onion  wi*h  your 

microscope7'  .  I  _  '   


\ 


3  C 
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SMALL  THINGS  WORKSHEET 

adta  hnf  Paw  A 


3.  How  would  you  describe  the  shape  of  the  things 


you  see 


4.  Do  they  seem  to  have  anything  in  them*?  


5.  Are  the  blocks  all  exactly  t~e  same  5:i*° 


■  


6.  Are  they  about  the  same  sine 
?.  Are  the>  ^  exactly  the  same  shaoe* 
9.  Are  they  about  the  same  shape? 


4  -  - 


ISURING  THE  S!ZE  OF  THE  UNITS 


The  units  in  a  <a,e-  of  on-on  are  so  small  thayhey  cannot 
h«.  -opn  exceDt  througn  a  microscooe.  To  find  ou.  WU1"; 
«,^e»  S  are.  you  can  compare  them  with  .he  w.«h 
ofahai'. 

.  „   « .  &hh  anntr.er  drop 

Take  off  the  cover  sup  of  you-  - 

of  wate-  to  the  on.on  sk.n.  then  pUr  >  a  *^rJ*™  « 

hair  across  tne  skm.  Replace  the  cc  *'  ca^u..* 

You  mav  havp  to  move  ^   -oe  around  .c  sen  the  bar  in 
you  may  ndv.                 w         anefm«nrnt  measuring 
your  microscope    •  • 

device  you  may  use 

1.  How  many  v\  cl'^s  -   :'"iT  ha  '  cnu  c 
^  you  lay  s>i-"  by  SiCe  :vnr  i  e 

length  of  one  block  ''  _  -----   

2.  k.w  many  widths  o:  ycur  ^a;r  coild 
■  «j  lay  side  by  side  ovc  tu.«? 

v  arft  of  one  b!ocK°  —   

Tnor,  1C  r\*  c,  jrse  another  name  to-  these  blocks  you 
lave       seen  and  descMbed.  F.    a  moment  pretend  you 
co  not  kr,-;  i  imagine  that  .you  are  the  first  person  ever 
^  look  at  an    i,on  V  <H-udn  a  microscope.  What 

en  ex~  *  ^g  discovery' 

„.  .-mat  wou'd  bo  r;  ac,d         for  these  blocks?. 


83 
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SMAL.L  THINGS  WORKSHEET 

AREA  ONE   Page  1 

IN  VE5  »TIGATIOP 

Using  Stains  To  See  More  About  Cells 

YOUR  N  ME 


Make  a  slide  of  the  skin  from  inside  a  laye<  of  cr;on.  Look 
at  it  through  the  microscope  Look  at  a  smg.e  eel' 

•     1.  What  do  you  see  inside  of  one-  of  the  ceils?  


There  .,r«  several  ways  o?  see-ng  par's -of  ^e  ceo  Defter. 
Remenber  now  white  the  on.on  cells  are.'  One  way  to  maKe 
the-  ewer  to  see  «  to  us*  .o'c.  Ve  refo-  to  cobnng 
c<-'-  -.    Maming'  ano  we  -.jiS  the  colors  statns. 

.   _  (->t  r.nmr  skin  OP 

-    *he  stain,  metnytene  o-ue,  o>-  «  w'^vc  -  -  ••-  - 
a  slide.  With  a  toothp.ck  add  a  b'i  c?  s'a.r  ■  nen  no-  a 
drop  of  water  and  the  cover  slip. 


Now  ook  c 
specimen  U,  a  while 


,ire7Ull>  tntOu'a       '-    ■  -*  


2.  What  do  you  now  see  iro.d'1  'he  eel"?  — 

«">  in  the  rough  o.  time  of  Mie  smg'e  onon  cell  ce'ow. 
the  appearance  of  the  stained  ce'l, 
USl      jcc  ye-  «t  trough  the  microscope. 


METHYLENE  BLUE  STAIN 
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SUA,  I  THINGS  WORKSHEET 

AREA  ONE  Page  2 

T-y  a  second  stain  You  know  that  icdme  will  stain  your 
lingers.  Do  yo  j  suppose  it  wm  do  th-3  same  for  a  piece 
of  onion  sKin' 

Make  a  slide  usmg  one  toothpick  drop  of  iodine  stain  and 
cne  drop  uf  water  on  a  piece  o*  onion  s>  n 

4.  What  color  does  the  iodine  stain  the  omen  cells?  

5.  in  the  col!  outline  below  fill  in  the  stained  cell 
ius!      cl  see  it  in  the  m  croscope. 


IODINE  STAIN 


"  r       third  sta.,n   ;jc''-  eCC-P  Y. 

6.  in  t*e  ce  '  outl.rie  below  f-M  :n  tie  stained  area 
just  as  you  see  it  in  the  n-croscope. 


EOSIN  Y  STAIN 


DoTipnre  you'  *hr3e  Fke^c1,  es 

7.  Does  eo<?.  .  Y  st3.  n  tne  sarr.is  part  of  the  ce'l  as 


8,  Does  €01  ~  Y  ^       ^  bdn^tr  j-?-?  f^>«- 


methyiem 


?,  if  you  wore  btudvir-g  ji  ,f      little  spots  which 
you  see  ns:de  sor-;  of  the  onion  cells. 

st?:n  wou'cl  you  use9  

10-  What  other  colored  liquids  rmtght  work  as  stains 

,>n  the  on.on  ce5;s9  

See  if  yoj  c  p  get  some  c4  the  things  you  have  listed  as 
Stains  Try  t  *  m 

Vnat  haooen^d7  .  -  — -  
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SMALL  THINGS  WORKSHEET- 
AREA  ONE   Page  1 

INVEST  GATION_4 

You -Instead  Of  The  Onion 

YOUR  NAME 


You  have  been  looking  at  the  ce'is  of  an  on:on.  In  other 
words,  you  have  ceen  •c-c.f.y  a:  plant  cells.  Now  you  are 
going  to  investigate  ceils  of  an  cimal-you' 

You  can  collect  some  human  ski-  ce'is  These  a-e  ca  led 
epltf><~»;  Di'M-cc-tec-ai/ 

Piacr    «naH  drop  of  clean  water  on  a  clean  slide.  Take  a 
cle*    8o*ipick.  Use  the  blunt  flattened  end  and  gently 
scrape  the  inside  of  your  cheek  You  do  not  have  to  scraoe 
hard  Tou;h  the  material  collected  on  the  toothpick  to  the 
drop  of  water  on  the  sl.de.  Then  add  a  a«iaii  droo  of 
methylene  blue.  Cover  with  a  cover  slip. 

You  may  not  be  able  to  see  anything  of  your  specmervuntil 
you  look  at  it  t.  'ough  the  m-croscope.  If  you  cannot  see 
anything  then,  try  again 

1.  Circle  the  dr?.*<>  ,s  .j'o  v  wnich  ooks  most  lake 
a  human  epith-  t 


c  l — ' 


5  Skotcn  dsIow  w^at  vou  see  through  your 

,,  "^scoue. 


£5       G>  ° 
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SMAU  TH'NGS  WORKSHEET 

AREA  ONI   PdK*  2 


3.  How  are  epitheiiai  ceiis  itke  onion  bu!b  ceils? 


4.  How  are  they  different  from  onion  bulb  cells'*. 


5.  Wnicp  is  bigger,  an  ep»theJial  celi  or  an  onion  bulb 


6.  How  v/ouid  you  Drove  it9  — 


Remember  our  un;t  of  measurement -the  hair  width  or 
your  treasuring  device?  Put  a  piece  of  hatr  across 
ihe  specimen.  Add  a  drop  of  water  and  cover  wi'h 


tho  r  Awor  ciin 


7.  How  big  is  the  epitheiiai  cei!  in  H3ir  widths'?  —  hw 

Compa.e  inis  with  your  pre*.-  -?  Tea^jtenent  o*  an 
onion  cell. 

8.  Which  kind  o*  sei:  ■    "^ly  Piggerr>_^.^     -- 

J 

)id  ^  ou  think  to  place  bols  onion  bu.'c  '.ells  and  eoithelia!  cells  on  the  same  slide? 


9 
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MOD  VI    Raiional  Sumbc-r-?  f: 

This  :OD  is  desigred  te  re:rforcc  "-ic:*  r  r.  V:r~,  cr  mi  skill  in  using^ 
opero  icns  .m  rat  .  rj^.*r^. 

OBJECTIVES: 


\ft<?r   -omnJetinp  this  K      .  you 


Al  and  subf  i 
an i  jnder i^iv . 
Explain  tnc  "\ 


r  t  v.  \  z  »      *  ^ 


confidence 


t\  '  dividing 


■ion 


FHOCr.  J-'iEI 


::;al  ass  ^yi  v 


MOD  1 ' 7 


ERIC 


88 


ISMEP 


MCD  li *  Characters:     5,  . 

.  Obs*r\  in*:,      i  •  r  *"*-'"; '  *IU 

OBJECT!'  ES: 


1.  You  w  U  *»"-:v  a  i,/ 
the  compound  an        rt  ; 

2.  After  observing  tv*    ...r-  —  "      '  -    ',*r  * 
be  able  to  Jiscuss  c-^.-nt  prop'-""-^-  *  '  - 
characteristic  nf  vr-^th  tnJ/ot   •  -r^uction, 

3.  After  observing  the  n»cld  , 

will  be  able  to  d.'v-— "b^v"'.'  :  ^ 

living  char<  ct-T  i'-t  :   -  of  n^r. 
On  the  bast'   ->i  v-mt"  ^  -  » 

be  able  10     i*-   "    "  ^/^  " ' 

charactf-  is  —  -   ?-  "  7  ^-1  <   a-i     /  r*; 
On  tre  bas<  >  jf  yoi-r  -/'"n^n"i-    -  ws 
be  at  It  t^  ~:tc  /i-'n  *  v^na       '  " 
chartct.-r-lsMcs    •  :  -l  -otoiv  ■» 
You  will    ."b*^".  2-  .  *■  *  -': 


„  i,  t    op  -h6  wold  (Physarum)  under 


4.. 


•<•-        s^rlo.  ,  you  will 


•  wid  will 
:  -  .  the  iivin* 

-.t-  -r;  vii ] 


r    r-..CTTMNAL  REFERENCES  \  *  rVl!: 

sapa,  16,  LivM'nJ_  ;^;.-„ 

3.     SCiS,  Life  C>  .1;  - 

C.     This  MOD,  "**' 

General  biology  rtrtw.-1 
M^teri'*.Ls  r.eefle-1  fr,r 


,t  r    i  -. 


FINAL  ASSESSMENT: 


3-. 


See  th\ei.  ve- 

^ re p< re- 
activities 
Describe  y 
results  wl 
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?R(CEDURi:: 

Gliml  j.niormauon 

All  chinas  in  nature  can  be  divide*?  into  two  main  categories  -  living  and 
non  living.    Both  are  composed  of  the  s.yne  kinds  of  basic  elements  or  atoms. 
Both  living  8nd  non-living  things  are  cotapooed  of  combinations  of  these  basic 
aliments.    Living  and  non-living  forms  caneot  be  distinguished  on  the  basis 
of  these  combinatlor    alcne.    In  living  substances  combinations  of  basic 
elements  are  found  in  compounds  and  molecule*?  that  are  not  found  in  non-living 
foims.    F»ut  on  the  basis  of  th**3  differences  alone,  living  and  non-living 
foims  cannot  be  distinguished.    If  only  strut: ture  or  composition  were  used  to 
distinguish  between  living  and  non-living  lorms,  then  an  organism  that  just 
di*d  would  be  categorized  as  living  because  it  still  had  the  same  basic 
structure  and  composition  that  it  had  as  a  living  organism.    Some  other 
criterion  is  needed  to  distinguish  between  living  and  non-living  forms.  This 
criterion  is  activity  or  function.    A  living  organism  must  constantly  expand 
energy  to  maintain  the  I'.ving  rtate.    If  it  is  In  the  living  state,  it  must 
r  i^itain  a  specific  structure  or  order  so  Ch.it  it  can  carry  on  the  required 
— rrvrty.    Aii  non-living  things  tend  tc  become  less  ordared  or  more  randomly 
distributed  throughout  nature.    Kon-livlag  things,  through  the  action  of 
physical  forces  of  nature,  Ar<*  ronstantly  broken  down  to  their  basic  elements. 
These  same  physical  forces  act  upon  living  organisms.    In  order  to  resist  the 
effects  of  these  forces ,  a  living  organism  has  to  obtain  and  expend  energy.  In 
doing  so  it  shows  at  least  three  kinds  of  activities  and  functions.    It  is 
because  of  these  activities  and  functions  that  something  can  be  categorized  as 
lining, 

1.  Nutrition 

An  organise  has  a  constant  need„  for  nutrition.    The  substance  of  a  living 
or;,anifc^  is  constantly  wearing  out  or  oraaking  down.    An  organism  crust  take 
In  new  materia] 2  to  replace  lost  or  worn  cut  materials  or  parts.    Soxae  o  the 
nev  materials  will  be  fcr  energy  lt.  making  or  «iynth#»si£ing  new  parts.  If 

an  organism  is  l^rge.  it  have  a  means  cf  zaoving  these  new  parts  from  ohe 

part  of  the  orgarj,    to  atother.    In  this  way,  movement,  growth,  and  repro- 
duction can  be  «een  &•       *  activity  of  the  living  organism.- 

2.  Irritability 

A  living    i^anism  is    ^-stantly  wv.bjecred  to  those  forces  01  nature  which  tend 
to  ar'ie  it  disordered  or  ra^         la  order  tc  maintain  the  iivin^  state  and 
to  resist  these  forces,  the  living  c^ganism  must  be  able  to  detect  and  react 
against  ther.    To  sense  resisting  farces  is  a  necessary  activity  of  the  living 

c,-(*/rieTP,    This  characteristic  is  called  irritability. 

3.  Res..  >: 1  e*9 

An  orgerlcft    .  *  is  sensitive  to  its  environmental  pressures  must  also  have 
th»  abilLty  to  respond  to  these  as  a  m<»pT3  of  projection.    This  kind  of 
ac  ivity  is  t-fe  characteristic  *£  -  * « 3 ens ivene  3 3 . 
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Ea<h  stucent  wl.l  have  a  petri  dish  containing  an  active  growth  of  the  aline 
no;,!  -  Ph gang  polvcephalum.    Obtain  an  agar  plate  from  the  instructor 

anc  inoculate  ai  instructed.    Physarum  is  a  living  organism  composed\of  one 
la:ge  cell.    Thi  cell  differs  from  other  tyoical  cells  for  it  is  comparatively 
Urge  and  has  many  nuclei  instead  of  only  one  nucleus  per  cell.    Note, that  the 
large  cell  is  shaped  like  a  tree  with  many  branches.    Each  branch  ie  surrounded 
by  a  cell  wall  and  contains  a  streaming  substance  called  protoplasm.  ffh« 
protoplasm  of  any  cell  is  a  system  or  combination  of  three  kinds  of  liquid 
media.    First,  it  is  a  solution  that  has  a  liquid  base  (water)  in  which  are 
dissolved  a  variety  of  chemicala  such  aa  salts,  acids,  bases,  and  othejr  simple 
organic  substances.    "Dissolved"  meana  that  each  molecule  of  a  substanie  is 
separated  from  its  ova  kind  by  the  solvent  (water)  molecules.    The  •oidcules 
of  the  substance  stay  in  solution  because  their  own  kinetic  energy  keep*  them 
in  motion  and  separated  from  each  other.    Second,  the  living  substance  is  a 
colloid.    A  colloid  has  a  liquid  base  (water)  in  which  are  dieperaed  a  Varlej* 
of  other  molecules.    The  dispersed  molecules  are  just  large  enough  so  tbat  their 
— own  kinetic  energy  does  not  kee^  them  from  settling  to  the  bottom.  TheJ,olv*n: 
'  .-r-sr)  molecules  because  of  their  own  kinetic  energy  bump  I.ito  these  dispersed 
tio.  ^ules,  keep  them  in  constant  random  motion,  and  do  not  allow  them  to 
>ectle  to  the  bottom.    Molecules  in  a  solution  and  in  a  colloid  are  both!  too 
snail  to  be  seen  with  the  naked  eye  or  with  the  microacope.  .  If  tme  -ookj  at 
either  a  solution  or  a  colloid  with  the  microscope  one  sees  nothing.  The, 
th'rd  kind  of  liquid  medium  which  comprises  a  part  of  the  living  protoplasm  lls^ 
a'iuepetuion.    A  suspension  is  a  liquid  base  (water)  that  has  something 
di  iper«e-i  in  it .    in  a  suspension  the  dispersed  substance  is  composed  of  much 
larger  p articles .    These  particles-  are  clusters  of  molecules  forming  specific 
structures  as  membranes,  vacuoles,  granules,  fibers,  Mod  tubes.  These 
structures  are  so  large  that  they  tend  to  settfrdfr-fhe  bottom  where  they  can 
be  seer  under  the  microscope.    The  many  nuclei  seen  in  Physarum  can  oe 
considered  as  one  class  of  the  suspended  pa'ticies.    There  are  many  other 
particles  that        be  sef:u.    3y  looking  at  some  cf  these  fine  par  tic  ;s  under 
the  microscope  (100X)  you  — .ii  see  tout  they  not  only  are  moved  vitt  th« 
streaming  protoplasm,         that  they  also  vibrate  in  all  directions.    This  is 
because  they  are  be  rn  bombarded  by  other  rapidly  moving  stMixer  molecules. 
This  effect  is  called  P~  <-  '"=**  Movement.    Can  you  see  it? 

Physarum  is  easily  grown  on  a  son-nutrient  agar.    The  organism  can  nat  obtain 
food  from  the  agar  so  sea?  *ood  source  aust  be  applied  to  tne  top  of  the  agar. 
»hysaru  grows  well  on  a  diet  oZ  oatmeal.    Small  grains  of  oatmeal  eprtiXleA 
or  the  egar  vi.'.i  make  Physarum  move  by  flowing  around  in  search  of  the  food 
p-r tides.    Ph'Sarum  also  feeds,  on  bacteria  that  grew  cm  the  oatmeal. 

'*-.it  '     f  ••lypt  \r>  the  clark  ev.<ipt  wiion  uitsi-rv  U>y . 


o 


MOD  118 


ERIC 


ActlTit 

I.    Esatlne  tae  ilta  -old  with  both  the  stereo  and  w^^^JJL 

Small  Granule 


iiucxeua. 


Large  Granule  / 

Piasrca  Membrane 


2.  »«rv.  u»Ur       in  objictlv.  -  ,1  th.  «Ul l<ffg*g> 
Note  toe  rate  at  which  movement  takes  place.    Do  che  nuclei  ano  i  » 
aova  with  the  cytoplasm? 

3.  Fiod  a  breach  in  vhich  cyclosi*  can  easily  be  ..en.  *™  «° 
determine  the  n-b«r  of  tinea  *Ho  cyclo.ia  changes  direct- county *e 
number  of  Stops'7  it  makes  during  ,  two-minute  period,    no*  long 

period? 

4.  Repeat  activity  3,  but  use  a  different  branch  for  your  determination. 


5.  I?  the  eyclo.it  stops  in  one  part  of  che  plagium,  does  it  simultaneously 
stop  it  til  othe*-  places? 
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t>  Plao    tr.e  :>etri  .i&sh  so  that  nn  anterior  Dart  of  a  brinch  of  the  Plasmodium  is  at 
the  ed  e  of  the  i±fLd  of  vision.  Vithoct  moving  dish  or  microscope  for  ton  minutes, 
determi  ie  if  the  plesjortiua  advances  or  grows. 

7.  With  the  3,5X  objective  in  place,  focu*  upon  one  of  the  laige  branches* 
Too  should  be  able  tp  see  streaming  of  the  cytoplasm.    With  a  fine  pin  or 
vire  lightly  touch        branch  in  the  area  you  are  observing*    What  is  the 
effect?  'p 

8.  With  the  3,5X  objective  in  piacet  observe  c  large  branch  again.    Cut  the 
branch  with  a  f  l^e  pir.  :r  :nife.    Dcea  the  cytoplaaa  2ycak  out?    Dees  the 
Plasmodium  repair  it? o.l:  ? 

9.  Dose  the  plastaodium  grc   tovaM  the  food  source?    Can  you  cce  where  it 
has  W-,? 


.    Obtain  a  sufficient  number  of  agar  plates  from  the  instructor  to  carry  out 
one  experiment  in  addition  to  the  actxvities  in  this  MOD  with  the  slime  meld, 

'Manipulated  Variable    Responding  VariaW^  r  Variables  Held -Constant  Observations 
(independent)  (dependent)  (controlled) 

1. 


(8 

T*  2, 


3. 
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MOD  H9    Rational  Numbers  III 


This  iOD  is  planned  to  review  rational  numbers  in  the  form  of  decimals 
and  t)  use  the  decimal  place-value  system  to  introduce  the  metric  system. 

OBJECTIVES: 

1.  Review  rational  numbers  by  converting  them  to  decimals  usitig 
the  division  technique. 

2.  Explain  the  structure  of  the  metric  system  by  the  decimal 
structure. 

3.  Be  aware  of  the  probable' role  of  decimals  in  the  future. 

4.  Se  able  to  convert  repealing  decimals  to  fractional  form. 

5.  Review  operations  for  decimals. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 


1 .    MMjP ,  Rational  Numbers 
2      Difenes  blocks  in  base  ten 

P~  CEDURE:  \ 

1.     In  MMP,  Rational  Numbers,  do 


25 

i,  2,  3,  and  4 

26 

1,  2,  3,  4,  5,  6,  7, 

8, 

and 

9 

27 

;     lb;  3a  and  b;  4;  6a, 

c, 

and 

f;  8a  9(  b,  and  c 

29 

i,  2,  3,  4,  and  5 

30 

:     i,  2,  3a,  59  and  t 

i 

31, 

1,3,  and  4 

FINAL  ASSESSMENT: 

1.  Bring  all  work  paper?  to  the  evaluation. 

2.  Be  prepared  to  "••'"•vnstrate  knowledge  relative  to  each  objective. 
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ISMEP 

MOD  120    Teaching  Children:  Rational  Numhprs 

e» 

PREREQUISITE:    MODs  115,  117,  119 
OBJECTIVES: 

After  viewing  the  video  program  of  "model"  teaching  on  Rational 
Numbers  your  ISMEP-partner  and  you  will  plan  and  teach  to  four 
or  five  children  appropriate  concepts  and  skills  on  rational 
numbers. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Indiana  Model,  Teaching  Video  Programs  on  Rational  Numbers 

2.  Elementary  mathematics  textbooks  in  Resource  Center 

3.  MMP,  Rational  Numbers 

4.  Video-tape  recorder 
Television  monitor 

prncrr /^e* 

1.  View  the  Indiana  Model  Teaching  Video  Programs  on  Rational 
Numbers  on  the  video-tape  player. 

2.  Using  the  MMP,  Rational  Numbers  and  one  .or  more  elementary 
mathematics  texts,  make  a  lesson  plan  for  a  30-minute  lesson 
on  some  basic  concepts  involving  rational  numbers. 

3.  Have  your  plan  approved  and  then  carry  out  tbe  teaching 
t_perience  with  the  children. 

FINAL  ASSESSMENT: 

Shortly  folic  wing  the  actual  teaching  a  30-minute  time  period 
vill  be  scheculed  w.f  th  yoar  ins tructor  (s)  to  discuss  and  evaluate 
the  teaching  experience.     Input  from  the  classroom  teacher  will 
be  sought  anc  utilized  to  .the  extent  possible. 
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MOD  12i  3alancing 


?redicting,  formulating  hypotheses,  Inferring 


PREREQUISITE:    Familiarize  yourself  with  ESS,  Balancings  Teacher's  Guide 

OBJECTI^S: 

1.  You  will  be  able  to  formulate  a  hypothesis  regarding  conditions 
for  a  balanced  lever. 

2.  Tou  will  be  able  to  explain  the  basic  operation  of  the  equal 
arm  balance. 

3.  Using  the  Masonite  pegboard  as  a  balance  board  with  a  fulcrum,  you 
will  demonstrate  the  usefulness  of  the  balance  as  tool  for  weighing. 

4.  You  will  be  able  to  prepare  a  sensitive  balance,  given  such 
materials  as  a  needle,  straw,  an<J  :  machine  screw. 

Optional 

5.  You  will  prepare  a  mobile  which  can  be  used  in  the  science  lab. 

.ACTIONAL  REFERENCES  &  MATERIALS: 


4.  ESS,  Teacher's  Kit  for  Senior  Balancing 

5,  ESS,  6-Student  Kit  for  Senior  Balancing 

FINAL  ASSESSMENT: 

Ask  your  instructor  for  HOD  121 #  Pinal  Assessment,  and  Indicate  if 
the  examples  do  or  dc  ~\ot  balance. 
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pao  :edu?.e: 

Act  .vitiei: 

1.  "Hess  about1  to  acquaint  yourself  wi*h  the  eauiomen^  in  the  ESS  Kit  of 
Balince  'iaterials.    Refer  to  ESS,  Brinary  Balancing,  Teacher's  Guide, 

pp.  10-11. 

2.  Continue  experimenting  with  the  materials  in  the  kit,  and  alto  use  other 
materials  to  balance  different  kinds  of  things  against  each  etaer. 

3.  Work  on  the  following  prediction  sheets.  Hake  your  prediction  fj.rst,  and 
then  check  your  prediction. 

A.    On  an  equel  arm  balance  with  3  holes,  what  happens  when  you  use 
each  hole  as  the  pivot? 


Hole  A  a9  the  pivot: 

Prediction:  

What  % happens :  

Hole  B  as  the  pivot: 

Prediction:  

VJhat  happens:  

Hole  C  as  the  pivot: 

Prediction:  

What  happens:  

r 

B.    With  the  baa;  off  center,  ona  washer  is  hung  on  the  short  end  (S) 
counterbalancing  ^«  long  arm  (L) .    Where  do  you  add  2  or  4  washers 
without  upsetci-i7  t*.    .-"'•nee?       P        (  %  ) 

\    o    Z    o  o  o  0  o  o  o  o    o  l 


O  A 

OP 


Sketch  where  you  predict  you  would  add  the  washers, 
vfhat  happens  when  you  test  your  prediction? 
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C.    Can  you  add  washers  to  this  board  to  make  one  side  the  mirror  image 

of  the  ether?    Sketch  your  prediction. 


4 
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D.    Can  you  add  washers  to  this  arrangeoent  to  make  one  side  the  mirror 
image  of  the  other?    Sketch  your  prediction. 
 f 


E.    Can  you  make  this  board  balance  by  adding  two  washers  on  the 
paper  clip?    Sketch  your  prediction. 


F.    Can  you  balance  one  washer  with  two?    Sketch  your  prediction. 


G. 


Will  a  chain  of  s-  weshers  balance  six  vashers  hung  on  ona  paper 

clip?    Ye-  Ho  ' 


Why  or  why  not? 


(Oj 


(6) 
(o) 

fa) 


41 
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Activici  .2  us Jig  the  Masfcnite  pegboard  with  the  fulcrum  below  the  board. 

H.    Given  i  group  of  washer?  on  an  unbalanced  board ,  where  would  you 
place  more  weshers  to  make  it  balance? 
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I.    Will  tl  is  grouping  balance?    Prediction:  Aes 


J.    Will  this  grouping  balance?    Prediction:  Yea 


No 


K.    Will  this  grouping  balance?    Prediction:  Yes 

No 


r>r  ving  f too  your  experience  in  activities  A-K,  and  keeping  in  mind  the 
variables  involved,  state  a  hypothesis  concerning  balances  and  their  behaviors. 
Us*  the  reverse  side  of  this  sheet. 

4.  Using  the  materials  in  the  MOD  tray  devise  a  standard  unit  of  measurement. 
For  example:    How  many  paper  clips  -  1  vasher.    Give  your  unit  of  measure 

a  name. 

5.  Given  a  soda  straw,  machine  screw,  and  needle,  make  a  balance  which  is 
usable  and  very  sensitive  to  weighing  small  articles  as  a  grain  of  rice.  Refer 

to  ESS,  Primary  Balancir.ft.  Teacher's  Guide,  p.  48. 

Optional  activities 

6.  Mobiles  involve  balam   ,    Read  ESS,  Mobiles.  A  Guide  for  Teachers,  and 
prepare  one  usable  r-ierxe  mobile  of  your  own  design. 

7.  If  you  would  like  to  py:,-  -  this  MOD  further,  there  are  problem  cards 
available    n  the  MOD  trav  for  yc\,r  ti§e. 
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MOO  122   Mevton*  i  Urn  of  Motion 
I'ormuls  :lng  hypotheses 

OBJICTIVES:  \ 

1.  Given  the  study  and  Investigation  indicated  on  the  attached  sheet, 
you  will  he  able  to  formulate  rules  covering  cases  related  \o 
Newton's  three  laws  of  notion  and  to  compare  your  rules  withUlewton's 
rules.  \ 

2.  You  will  originate  a  demonstration  of  one  of  Newton's  three  l«V|°f 
notion  with  simple  equipment  of  your  own  choice. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS:  J 

1.  SAPA,    37  ,  Describing  and  Representing  Forces 

2.  SAPA,    82  ,  Force  and  Motion  f 

3.  SAPA,    80    Incrwia  an-  Mass 

4.  UNESCO,  Source  Book  for  Science  Teaching,  pp.  128-130 

5.  Glass,  marbles,  oooka,  clothespins,  board,  spring  balances,  balloon, 
mashing  tape 

6.  Wilson,  Physics  -  Concepts  and  Applications  ,  pp  9?  -  100,  Resource  Center. 
FINAL  ASSESSMENT: 

1.  Present  your  answers  and  be  .ready  to  discuss  yoer  results  with 

your  Instructor. 

2.  Present  your  demonstration  fulfilling  objective  2  to  your  instructor. 


MOD  122 


ERIC 


101 


-2- 

P10CETOE: 

Complete  activities  1*3  before  you  look  up  Newton's  lave. 

1.    A.   Over  the  wrath  of  a  plea  tic  water  pleat  place  a  S-cm.  square  piece  of 
cardboard.    Place  a  marble  over  the  center  of  the  glass  on  Che  card- 
board.   Give  the  cardboard  a  quick,  sharp  push  horlsontelly  with  your 
finger.    The  marble  should  drop  Into  the  glass.  Why? 


B.   Take  hold  of  the  bottom  book  of  a  stack  of  6  or  7  books.    If  you 
quickly  jerk  out  the  bottom  book,  the  others  should  atay  In  piece. 

Why? 


Suppose  you  are  in  a  stationery  car  that  abruptly  starts  moving  ahead « 
What  happens  to  your  body?  Why? 


Suppose  you  are  In  a  moving  car  that  abruptly  comes  to  s  halt.  Whet 

^w.ppens  to  your  body?  Why? 


Suppose  you  are  In  a  car,  traveling  around  e  sharp  curve  at  45  nph. 
What  happen*  to  your  body?  Why? 


t.   Nov,  formulae  a  -gerw>~*l  rule  encompassing  all  the  caeea  under 
section  1* 


ERLC 


2.    t  .   Clamp  a  clothespin  at  eech  end  of  a  long  rubber  bend.   Place  a  meter 
a'  >  V  along  the  edge  of  a  table  top.    Creep  both  clothespins  end 
etietch     e  rubber  band  along  the  table  top.   teleese  Jths  clothespins 
at  the  ear,  time  and  mate*  carefully  to  eee  where  they  collide.  Next, 
clamp  2  clothespins  at  one  end  of  the  robber  bemd  amd  one  clothespin 
at  the  other  end.   Stretch  the  rubber  band  again.   After  releasing  ^ 
t  ie  cloth teplnst  watch  carefully  again  to  erne  where  they  collide.  N^re 
than  one  trial  will  be  nsceesary  for  you  to  b#  sure  of  your  reeedte.^ 
Refer  to  the  diagram  In  the  gggSOO  Sourcebook,  p.  130,    Describe  end  ( 
try  to  gl*t  reaeone  for  the  results. 
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B«    Force  a  clothespin  to  remain  open  by  tying  thread  around  the  prongs  of 
Its  handle.    Place  It  In  the  center  of  a  long  table.    On  either  side  of 
the  tied  prongs  place. pencils  of  similar  mass.    Carefully  burn  the 
thread  and  observe  what  happens.    Refer  to  the  diagram  In  the  UNESCO 
Souroetyook,  p.  130.    Now,  repeat  thz  same  procedure  using  objects  of 
different  masses  or  weights  on  either  side  of  the  clothespin.  Observe 
the  result  carefully.    More  than  one  trial  will  be  necessary  for  you 
to  be  sure  of  your  results.    Describe  and  try  to  give  reasons  for  the 
results 


C.    Suppose  that  a  large  heavy  semi-truck  and  a  small  VyKare  both 
accelerated  from  3Q  mph  to  60  mph  in  15  sec.    Which  one  -equires 
•nore  force  for  this  acceleration? 


Suppose  that  a  large,  heavy  truck  and  a  small  car  both  received  the 
same  force,  the  same  "push."   Which  one  would  be  accelerated  more  over 
a  given  Interval  of  time. 


D.    Formulate  a  general  rule  encompassing  the  cases  under  section  2. 


A.    Place  a  board  abrut  a  foot  square  over  several  marbles  on  the  floor. 
With  both  feet,  careful?.v  stand  on  the  board  and  then  jump  off. 
Describe  and  try  to  give  *_vons  for  what  happens. 


B.    Hook  together  two  spring  balances.    Pull  at  tht  handle  of  me  balance 
while  a  lab  partner  pulls  the  other.    As  you  do  this  try  to  keep  the 
com/  ~ted  portions  in  the  same  location;  the  system  result**  midway 
between  y*      and  does  not  move  toward  either  partner.    Have  a  third 
person  reaa  t\e  forces  on  both  scales.    Describe  sad  try  to  giver  reasons 
for  your  results. 
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c. 


Blow  up  a- long  narrow  balloon  and  keep  the  air  from  releasing.  With 
saaking  taj*  •  sscond  paraon  should  attach  a  straw  along  tha  laogth  of 
tha  ballootu   Run  a  string  at  least  S  a.  long  through  tfia  straw. 
Stratch  tha  string  with  tha  halp  of  another  parson  or  by  attaching  it 
in  tha  lab.    Balaasa  tot  balloon  from  ona  and  of  tha  string  track. 
Watch  carafully  to  aaa  What  happens. 


D.    Formulate  a  genaral  rule  encompassing  tha  casas  under  section  3. 


Now  that  you  have  cocpletsd  activities  1,  2,  and  3,  look  up  Newton's 
:  iree  laws  of  notion  in  a  physical  science  book.   Write  taom  in  tha  space 
below.    Compere  your  three  rules  and  Newton's  laws,    la  prepared  to  discuss 
the*  with  the  instructor.  / 


Originate  muA  carry  out  e  demonstration  of  one  of  Newton1  s  three  laws  of 
notion  using  uimple  equipment  of  your  own  choice. 

V 
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MOD  123  Cell  Stricture  and  Function  -  Self  Instructional  Module 

obje:tives: 

1.  Define  1  cell"  and  explain  why  it  is  important  to  stud^  eel 

2.  Describe  the- structures  and  major  functions  of  the  following:  plasma 
membrane,  nucleus,*  Nucleolus,  ribosome,  endoplasmic •reticulum  (ER) , 
Golig  apparatus,  lysosome,  chloroplast,  mitochondrion/  microbody, 
microtubule,  ,centriole,  flagellum,  cilium,  vacuole,  cslLwall. 

3.  Identify  diagrams  and  electron  micrographs  of  the  above  structures 
<-^^jad  organelles.  ^ 

4.  Identify  which'  of  the  abov^  structures  and  organelles  are  found  in 
ptokaryotes,  eukaryotes,  plants,  and  animals. 

5/  Given  a  description  or  micrograph  of  an  unknown  cell,  specify  whether 
the  cell  is  of  prokaryotic  or  eukaryotic  origin,  and  if  eukaryotic, 
whether  it  is  from  a  plant  or  animal.  * 

6.  Describe  an    avantage  and  disadvantage  of  the  electron  microscope, 
as  compared  to  the  light  microscope. 

7.  Define  and  distinguish  between  the  following:    micron,  protoplasm, 
organelle,  DNA,  p^okaryote,  eukaryote,  pore,  cytopl^ni,  phagocytosis, 
ATP,  spindle    apparatus,  9+2,  'cellulose. 

8.  Locate  where  the  following  functions  in  the  cell  occur:  information 
storage,  ribosome  production,  protein  synthesis,  secretion,  phagocytosis, 
photosynthesis,  respiration,  ATP  production,  propulsion,  waste  storage, 
support  of  plant  cells. 

9.  Distinguish  between  the  structure  and  furictiop  of  rough  and  smooth 
endoplasmic  reticulum.        c  *  , 

10.    Describe  the  dynamic  relationship  between  the  ER,  the  Golgi  apparatus, 
secretion  vesicles,  and  the  plasma  membrane. 
.  11.    Describe  the  relationship  between  the  cell  wall  and  the  plasma 
membran  ?f*~ 

12.  | Describe  the  differences  between  prokaryotic  and  eukaryotic  cells. 

INSTRUCTIONAL  REFERENCES     MATERIALS : 

1.  This  MO),  pp,  2  *  * 

^2.  General  Biology  references  on  cell  structure  and  function. 

3.  Biology  Media  Instr*-r.  *onal  Materials. 

4.  Singer  3aramate 

FINAL  ASSESSMENT: 

*  . 
1.    See  objectives  above. 

?.    Be  prepared  to  discuss  the  questions  listed  at  the  en#  of  this  MOD. 
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INTI.ODUCr.ON: 

The  cell  -s  the  common  unit  of  all  life  on  the  earth.    It  Is  the  smallest  unit  which 
possesses  all  the  properties  which  we  associate  with  lif*--responsiveness,  complex 
chei.ical  activity,  reproduction,  etc.     In  order  to  understand  life  on  all  levels 
of  organization— from  molecules  to  organisms  to  populations— it  is  valuable  to 
study  life  at  the  level  of  the  cell. 

OUTLINE:  . 

i.  Introduction 

1.  The  cell 

2.  .Sizes  of  cells 

3.  New  techniques — the  electron  microscope 
II.    Organelles  —  structure  and  function 

1.  Organelles 
*2.    Cell  membrane 

3.  Nucleus 

a.  prokaryotes  and  eukaryotes  ' 

b.  structure  and  function 

4.  Nucleolus 

5.  Endoplasmic  reticulum  ^ 
,  a.    rough  and  smooth 

b.  ribosomes 

6.  Golgi  apparatus 

7.  Lysosomes 

8.  Phagocytosis 

9.  Chloroplast  and  other  plastids  • 

10.  Mitochondrion 

11.  Microbodies 

12.  Microtubules 
a.  function* 
b-  centi^oles 

c.  spindle  appar***us 
•  d.     cAia  an«f  riagella 

13.  Vacuole 

14.  Cell  wall 
III.  Conclusion 

IV.  Quiz. 
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0  Cell  Struetwe  and  Fuhctlon 

6) 

v    The  cell  1$  the  comnoo  unit  of  all  life  on  earth.   Some  organism  are 
single-celled.    ®  other  organisms  are  complex  assemblages  of  many  cells  of  va- 
rious kinds. 

The  cell  1s  the^ smallest  unit  which  displays  all  the  diverse  properties  which 

we  associate  with  life— reproduction,  complex  chemical  activity,  responsiveness,  and 

so  on.   Thus,  it  Is  valuable  to  stitfy  life  on  the  cellular  level. 

Q    The  .largest  cell  1s*an  ostrich  egq,  but  most  cells  are  much  snail er  than 
(s) i    -  c 
ns.  Kost  fells  are  1  to  10  microns  1n  diameter.   A  r.icron  1s  10"*  meter,  or 

.  one  millicrith  of  a  meter.   So  most  cells  are  l/1000th  to  1/lOOth  of  a  millimeter  1n 

skiameter.   The  smallest  cells  are  less  than  1/2  micron,  or  l/?000th  of  a  millimeter 

across. 

These  neasurements  are  rather  difficult, to  visualize.    Perhaps  comparing  an 
average  cell  to  a  familiar  object,  a  penny,  would  be  J-.elpful.    ®    If  a  penny  were 

enlarged  ^  the  size  of  a  football  .field,  a  cell,  enlarge*  to  the  same  degree,  %ould 

i-  -  j 

be  about  the  size  of  a  penny. 

(?)  o  *  .  * 

v-/  -  To  early  observers,  the  tiny  cell-was  a  nenbrar.ous- bag  filled  with  a  Jelly- 

■  * 

like  fluid  called  protoplasm.    It  was  discovered  early  thtt  rrost  cells  contain  a 
spherical  dark  structure  called  tjft  nuc.es.   ®   Some  cells  were  seen  to  have  thick 
walls,  and  <nayb»  little  granules  like  the  sroen  structures  in  these  plant  cells.  Lul 
observation  of  cells  under  a  llqht  alcroscspe  1s  limited' by  the  physics  of  lig^.t. 
The  wtvejengths  of  visibleHght  are  jfcaply  too  long  to  reveal  the  detail*  r,f  eel  In- 
lar  structure.   Thus,  until  the  iiwdte  bf  the  twentieth  century,  it  was  irprsslble 
to  set  the  fi  >e  scru-'ure  of  the  Ce-ll  end  really  unravel  he./  cells  work',  f.Dw  they  live 
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Perfectlon  of  th*  electron  microscope  end  new  biochemical  techniques  in  the  1940's 
and  .0'$  change'  :  t  whole  concept  of  life  at  the  cejlular  level.   ©  The  electron 
Mcr«cot>e  focuses  a  beam  of -electrons  Of  the  specimen,  rather  than  a  beam  of  light. 
Became  the  electrons  have  much  shorten  wavelengths  than  light,  Q°)   the  electron 
microscope  reveals  much  smaller  structures  than  can  be  seen  under  a  light  Hcro- 
scor*.  Structures ,vM'\i  apDeared.to  i    featureless  granules  floating  In  an 

ar.rrphous  protoplasm  can  now  be  delineated  as\£emplex  systems  of  membranes,  compart- 
-.er.ts.  and  tubes. 

©   These  subcellular  structures  are  collectively  called  organelles ;  there 
several  organelles  co.«nen  to  most  cells.   We  are  Just  beginning  to  understand 
'trjrt-jres  and  functions  of  these  organelles. 
'  .fore  we  go  on,  I  should  point  out  that  the  photographs  taken  with  an  electron 
:    :f.r«--th.v  are  called  electron  micrographs-are  still  inaccurate  representations 
•of  lift.   A  specimen  for  the  electron  microscope  must  be  killed,  stained  with  various 
M-sh  cf.f-icals.  mounted  In  pJastlc.  and  sliced  very  thin.   The  prepared  specimen  is 
th  n  pened  Into'a  vacuum  chamber  for  observation.   Needless  to  sty.  this  is  very 
reign  ireatrent  f«   a  I1ving"th1ng.    What  we  see  in  an  electron  aerograph  is  not  .-^ 
W<    It  is  literally  a  shadow  ©'  Hfe.   Nevertheless,  we  can  learn  much  about  the 

1  if.  of  the  cell  from  e-l-ctro.  micrographs.    So  let's  get  started. 

@   All'cells  a.    bounded  *v  a  thin,  delicate  membrane,  called  the  celimern- 
brare  or  r>asna  membrane.    ©   This  .™«brane  appears  to  have  a  bllayered  structure. 
sooei*as  caned  the  unit  remb-ane  structure.   An  obvious  function  of  the  cell  membrane 
is  to. protect  the  cell  and  held  1t  togetner.   But  the  membrane  has  a  more  dynamic 
'.r.cilon  thar.  this-.  '  It  selectively  lets  certain  molecules  into  and  out  of  t!.a  cel\ 

2  ;d  sto-,  other  molecules.    ©   This  property  is  called  selective  £S"« 
Clause  they  ar,    jlectively  permeable,  membranes  play  a  major  role  1n  controlling  th* 
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chemical  activity  of  cells.   The  ce1!  nerr.brane  a^so  serves  as  the  site  for  many  complex 
chemical  reactions  and  is  involved  in  communication  with  other  cells.   Organelles  ire 
bounded  by  membranes  similar  in  structure  to  the  cell  membrane. 

(5)  The  largest,  most  obvious  organelle  found  in  many  cells  is  the  nucleus,  the 

large,  dark,  spherical  body  observed  by  early  microscopists.    Note  that  I  said  the  nu- 

v 

cleus  is  found  in  many   cells.    Not  all  cells  have  nuclei;   as  a  matter  of  fact,  some 
cells  do  not  have  any  membrane-bound  organelles  at  all.   Thus,  cells  can  be  divided 
into  t.*>  major  categories: 

Cells  which  lack  a  nucleus  are  called  prokaryotic  cells  or  prokaryo***, 

fn.ni  tree*,  wo-cs  meaning  "primitive  nucleus".   Cells  which  p':rss  a  nucleus  are 
Mec  ei>:r,-otic  cells  or  eukaryotes.  .  "Eukaryote"  means  "t.  :  r-rleus." 

yj)   The  ?rckaryotes  are  simple  one-celled  organises--1-  .c-iria  and  blue-green 
alcac.    EuKzryrtic  cells  are  more  cor.rlex.   The  eukaryotes  ere  t.  :  organisms  with 
>,hich  we  are  n.cre  fami liar— plants,  amnals,  fungi,  and  protozoa,    Ooto203  are  one- 
celled  eu^otes.)    ®   Note  in  comparing  prokaryotic  and  ei^ar;*ctic  cells  that 
Crc'<aryonc  cells  not  only  lack  a  nucleus,  but  other  membrane-bound  organelles  as 
<  :e1  1 . 

(^S)   At  this  point,  step  t^  tare  and  start  a  "Cells  and  Organelles  Checklist." 
Label  one  c^lunn  Mpro<aryotes" .  fe  ol:.cr  "eukaryotes".   As  we  go  along,  you  can  fill 
in  which  strictures  are  present  i-  e^ch  type  of  cell.    For  starters,  fill  in  that 
■prokaryotes  <re  represented  by  t?cte--.*  ai  *  slue-green  alcae.    Eukaryotes  ate  plants, 
cnimals,  and  f u* - i .   Both  hiv?  cell  r  -brants,  indicated  by  a  plus,    Eukaryotes  have 

nucleus,  :ndic3  *  F rci.cryotcs  lack  a  true  nucleus;  we  will  indicate 

this  with  a  ninus. 

£j    ov— back  to  the  nucleus.   The  nucleus  is  the  place  where  the  cell's  he- 
reditary tr.f?.rit1c-  's  stored  in  molecule:  of  DNA.   ONA  r.crc-or-less  contains  the 
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"olueprints"  for  making  proteins,  and  proteins  are  the  molecules  which  make  up  a 
large  part  of  the  structure  of  the  cell  as  well  as  guiding  the  chemical  processes  of 


tie  cell.    kD   Thus,  the  primary  function  of  the  nucleus  is  *    ormation  storage. 

(Z2)   

Th*  nucleus  is  surrounded  by  a  double  membrane;   this  double  membrane  1s 

sometimes  called  the  n:::le:-  envelope.   There  are  pores  In  the  nuclear  envelope 

through  which  molecules  car  r.ove  between  the  nucleus  and  the  rest  of  the  cell. 

Although  prokaryotes  lack  true  nuclei,  their  hereditary  Information  1s  carried 

1n  molecules  of  ON A.    The  area  of  the  prokaryotlc  cell  where  the  DNA  1s  located  1s 

soneti-r.es  called  the  nuclear  area  or  nucleoplasm. 

S5 


A  dark  spherical  area  called  the  nucleolus  is  sometimes  seen  within  the 
nucleus.    The  nucleolus  is  a  Jense,  dark  lump  of  DNA ,  protein  and  other  chemicals, 
where  tiny  structures  called  ribosomes  are  assembled.   The  DNA  in  the  area  of  the 
rucleolus  carries  the  information  for  makino  parts  of  the  ribosencs.    V.'e  will  dis- 
cuss ribosomes  in  a  moment.    Since  only  eukaryotic  cells  have  nuclei,  only  eukaryo- 
t1c  cells  have  nucleoli. 


I?)   Let's  leave  tre  nucleus  and  explore  the  rert  of  the  cell.   The  material 
of  Ut  cell  outside  the  nucleus  1s  called  the  cvt.^arrr.    @    The  most  conspi- 
cuous organelle  in  the  cytoclasc  of  many  cells  is  a  cenplex  network  of  folded  mem- 
branes, called  the  en^nyas^ic  reticulum.    Tic  tr.dopUsmic  reticulum,  or  ER  f or 
short,  1s  a  site  of  Intense  bic  -^ical  activity.    It  is  composed  of  a  network  of 
flattened  sacs  or  tubes  called  dstcrr.ae. 

V>   There  are  two  types      ER— rouch  £P  cr.d  sreoth  ER— as  shovn  in  this  dia- 
gram.  Rough  ER  1s  made  rough  by  the  tiny,  globular  ribosomes  which  cover  Its  sur- 
face.   Ribosomes  ai»e  tiny  protein  and  nucleic  acid  "nachines*  which  assemble  proteins 
for  us*    n  the  coll.    @)   Thus,  the  cr.^-iUr.ic  reticulum  serves  as  the  site  cf 
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> 

r-oicin  sy.  thesis*   Cells  which  produce  a  lot  of  protein  ere  often  filled  with  rough 

CP..  Smooth  ER,  incidentally,  nay  be  associated  with  the  synthesis  of  other  complex 

rolecules,  such  as  hormones. 
(28 


Even  though  prokaryotes  lack  ER,  the/  nevertheless  possess  free  rlbosomes, 
seen  1n  this  picture.   These  prokaryotlc  rlbosomes  happily  synthesize  proteins  with* 
out  being  attached  to  membranes. 

^B)  A  peculiar  structure  found  1n  many  eukaryotlc  cells  is  sort  of  stacks 
of  flattened  bags  called  the  Golql  apparatus,  seen  1n  cross-section  in  this  picture. 

@)   Perhcps  this  diagram  will  help  you  to  visualize  the  Golgl  apparatus. 
Picture  3  r*.ack  of  $q*j£She<I  ballons,  with  connecting  tubes  and  smaller  ballons  be1i.y 
pinch*''  off  at  the  e'ces.   The  Golgl  apparatus  appears  to  be  a  packaging  center  for 

mate    ils  produced  ir.  t^e  cell,  particularly  proteins. 

fit) 

V-/    In  an  e;:;;n-:nt,  radioactive  amino  adds  were  Supplied  to  a  cell,  and 
the  cell  used  th:~,  to  ..Jc  proteins  which  were  radioactive.   At  first,  the  radioacti- 
vity was  detected  ir.  tu.e  ER,  the  site  of  protein  synthesis.    ^32^   About  half  an 


©  Still 


hour  later,  the  radioactive  proteins  were  found  in  the  Golgl  apparatus.  Still 
later,  much  of  the  radioactivity  was  found  in  secretion  vesicles,  little  bags  which 
bud  off  th#  Golgi  and  move  to  the  cell  membrane  and  dump  their  contents  outs.de  the 
cell.  Here  1s  an  electron  microgr^h  of  a  secretion  vesicle  pinching  off  the 

Golg!  apparatus.    vy   Thy*  th*  'vncMon  of  the  Golgl  apparatus  aopears  to  be  secre- 
tion of  cell  products,  especially  proteins, 
(36 


Some  or  the  vesicles  produced  by  the  Golgf  apparatus  may  be  lysosomes. 
Lysosomes  are  membrane-bmmd  vesicles  containing  enzymes  and  other  chemicals  which 

capable  of  breaking  down  cellular  molecules  and  struc^es.  Lysosomes  are  found 
wVwt  ex.  lively  in  anlral  cells.   Under  normal  conditions,  the  enzymes  within  the 
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lysosomes  are  Inactive,  but  1f  the  cellular  environment  changes  or  the  cell  1s  dama- 
ged, the  contents  of  the  lysosomes  may  spill  out  and  destroy  the  cell.   Thus,  lyso- 
somes  destroy  cellular  debris  and  make  room  fo"  repairs  to  be  made.    (§)  Lysosomes 
nay  also  be  important  1n  development.   For  Instance,  they  are  responsible  for  the 
breakdown  of  a  tadpole's  tall  as  the  tadpole  develops  Into  a  frog. 

K  ~'   Some  cells  take  in  food  1n  a  process  known  as  phagocytosis.   The  cell 
currcuris  a  food  particle,  and  a  food  vesicle  in  Pinched  off,  forcing  a  membranous 
hag  ereund  the  food  inside  the  cell.   A  lysoscne  empties  Its  contents  into  the  vesi- 
cae to  break  down  the  food,  and  the  cell  absorbs  the  products  of  this  breakdown 


tr.-cu^  the  membrane.  ^2)  Khite  blood  cells  or  "phagocytes"  are  r;!  .qocytizlng  **- 
b.  is  e-d  bacteria  in  your  bloodstream  right  now. 

(:2j   Here  ts  what  your  checklist  should  look  like  at  this  paint, 
v  J.^    Plants  make  their  own  food;   they, do  it  1n  organelles  called  cMoroplasts, 
v**:*.  t'se  energy  of  sunMght  1s  captured  anc.'  converted  into  the  chemical  bends  of 
:r.d  cthar  cgcttic  rrolecules.  This  process  1s  called  photosynthesis. 


^   The  c  .lorcpUst  1s  a  complex  structure,  as  seen  in  the  diagram  and  1n  this 
*c-i^n  nicrccr.ph.    Jt  is  surrounded  by  a  double  membrane.    Inside,  there  are  stacks 
'  -itranous  pc.:cafces  caTed  lamellae  or  t^ylakolds..  Each  stackof  lamellae  is 
'ed  a  ggSHZLi  a  \^rt  >.r.k*  means  *crain."  The  membranes  1n  the  stacks  are 
!»~allae,  and  tho«f  between  *hc  stack:  ire  stroma  lamellae.  Chloroplasts 
\x  >crious  shapes  er.d  sizes.    Some  punt  cell^bave  only  one  chloroplast  each, 
-wst  plant  cells  have  several. 

^z)   Tne  chloroplast  is  Jus".  :-e  ex:  pi"  of  a  more  general  type  of  organelle— 
?^stid.    Besides  chloroplasts,  zhere  are  other  kinds  of  plasties.  Chronoplasts 
->r.tain  pic--  *?,    storage  plastids  like  th's  one-  stockpile  starch  *.nd  other  materiO 
Is. 
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©   Only  plants  have  plastids.    But  these  blue-green  algae,  which  are  prokary- 
otes.  have  lamellae  and  perform  photosynthesis*   The  lamellae  of  blue-green  algae 
and  photosynnetlc  bacteria  are  not  enclosed  in  plastids  and  are  thought  to  be  de- 
rived from  the  cell  membrane. 

@   Plants  make  their  own  food.   Ar.irals  must  get  their  food  from  other  orga- 
nisms.   In  all  eukaryotes,  food  1s  broken  dov.n  to  release  its  energy  1n  organelles 
called  mitochondria* 

©   The  mitochondrion  consists  o*  an  outer  merbrane  and  an  inner  folded  mem- 
brane.   The  folds  are  called  cristae.    The  material  between  the  cristae  is  call"" 
th*  matrix. 

The 'mitochondrion  1s  the  oxygen-using  orgtnel^e,  the  organelle  *  ,icn  oxidizes 
food  molecules,  producing  the  cells  energy  r.Dl ecule--ATP.    @   This  energy-rel easing 
process  1s  called  respiration.   A  complex  array  of  enzymes  and  electron-carrying  mole- 
cules are  arranged  In  the  cristae.   Other  enzymes  and  reactions  are  located  <n  the 
matrix.   An  average  eukaryotic  cell  ray  possess  from  200  to  lO.CCO  r.i tcchondria. 
So*  prokaryotes  have  the  same  enersy-producifff' machinery,  but  it  is  attached  to  the 
Cell  membrane  or  free-floating,  rather  than  p?cka-ed  1n  mitccho-dria. 

Mi  embodies  are  snail  organelles  which  occur  in  bol*  rl.'r.ts  and  anirils. 
Their  lunction  1s  not  well-undeiVLjod,  but  they  seem  to  play  a  rclc  In  the  oxidation 
and  reduction  of  certain  chemicals,  1-       cell  and  the  brea',d:.-  e'  harr.ful  cellular 
waste  jroducts. 

®   This  diagram  of  a  plant  cell  shows  many  of  the  oryir.sllt-s  v.hich  we 
have  discussed  so  far.    Note  the'relative  sizes  and  pasitics  of  tne  various  or- 

ganei'es.  v  s 

($})    •„  •  protein  rods  called  microtubules  are  fcjr.d  \:  r:ny  eukaryotic  cells. 
There  are  a  number  o    .irrotubules  in  this  picture,  tflcrw  S.ls  are  long  but  very  . 
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thin.  They  car  be  assembled  and  disassembled  very  rapidly.  Microtubules  act  as 
supporting  rods  for  some  cells.  They  nay  function  as  guides  for  cell  nail  forma- 
tion in  plants.   They  are  also  Involved  In  cell  movementf  as  subunlts  of  flagella 
end  cilia  (to  be  discussed  1r»  a  moment). 

©  This  diagram  shows  the  structure  of  a  single  microtubule— a  cylinder  of 

clcbular  protein  subunits,  something  like  a  tiny  brick  chimney. 

<53 


Animal  cells  contain  curious  structures  called  centrioles,  which  are 

largely  of  microtubules.   The  centrioles  art  little  bundles  formed  of  nine  groups 

c*  three  microtubules,  seen  in  cross-section  here. 
154}  . 

The  centriole:  *ct  as  centers  of  organization  for  the  spindV  apparatus , 
the  array  of  microti -c!  ::.ich  aids  in  the  movement  of  the  chromosomes  during  cell 
division.   ^55^   You  cc  i  r:c  the  microtubules  radiating  out  from  the  centriolt  In 


electron  micrograph. 

@)   Small  hairlifcfc  or  tcillike  rods  project  from  the  surfaces  of  manv  eel 


'•his  electron  micrograph. 

Small  hairlifcfc  or  tcillike  rods  project  from  the  surfaces  of  many  cells, 
hese  projections  are^called  cilia  or  flagella.  Flagella  and  cilia  provide  propul- 
ion  for  eukaryotlc  cells.   They  act  as  tails  or  oars. 

You  cm  see  the  Internal  structure  of  several  cilia  In  this  cross-section, 
"here  are  nine  pilrs  of  microtubules,  with  two  single  microtubules  In  the  center. 
7.Ms  is  referred  to  as  *hc  'nine  plus  two*  arrangement. 

fa 


In  this  crcss-sectior      flagella.  you  can  see  that  cilia  and  flagella 
-'c  essentially  identical  In  structure.   Then  what's  the  difference?  If  a  cell  has 
or.ly  one  or  a  few  of  these  structures,  each  1s  called  a  flagellum.   If  a  cell  1s 
ccv^.-ed  by  many,  each  is  called  a  clllum. 

\c-?  ticteria  also  possess  structures  called  flagella,  but  these  are  qulfe  different 

ir.  -tr^c  ..r*  »n<J  function  from  eukaryotlc  flagella. 
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W   Cells  break  down  food,  release  enerqy,  move,  and  as  a  result,  they  pro- 
duce wastes.   Waste  products  are  not  much  of  a  problem  to  single-celled  organisms, 
like  this  Amoeba.   Their  Waste  products  merely  diffuse  through  the  cell  membrane  to 
the  outside. 

But  larger  organisms  accumulate  lots  of  wastes.   Animals  have  circulatory  and 

excretory  systems  to  take  care  of  this  problem.    ©   Most  funsi  and  plants  dump 

their  cellular  waste  products  into  organelles  called  vacuoles.    A  vacuole  is  merely 

a  large  bag  made  of  a  single  r*nbrane.   Wastes  and  other  <ubstcnces  are  transported 

throtoh  the  membrane  end  stored  inside  the  vswuole.   The  vacuole  often  contains  pig. 

•  T.t:;   the  color  of  many  flowers  is  due3to  accumulations  of  colored  substances  1r. 

'ower  cell  vacuoles.    Expansion  of  vacuoles  1s  often  responsible  for  plant  growth. 

and  the  pressure  of  water  stored  1n  vacuoles  helps  keep  plants  Upright.    ©  K;ny 

plant  cells  are  mostly  Urge  vecucle;  surrounded  by  thin  loycrs  of  cytoplasm. 
(62) 

\J   A  plant,  fuf.g-j.s.  or  prokaryotic  cell  is' surrounds^  bf  i  rigid  cell  wall, 
which  protects  the  cell,  ©   prevents  the  ce'l  from  burst  1-.-, "end  gives  the  cell 
.  shape.    l£y   Plant  cell  wells  i-c.  rsic  of  cellulose,  a  cr.rto».ydrate  which  <s  laved 
down  In  crisscrossing  networks  c'  fibers.   The  cellulose  is  glued  together  with  t 
filler  of  otner  -  atonies  to  res?  s  -.trong  but  porous  structure.    Molecules  can  pass 
through  the  vail  cosily,  bu*  the  cell  rc-brane  is  held  ins'de.   Hote  that  the  cell 
wall  Joes  not  rep  toe  the  cell  re--.        it  lies  outside  the  cell  rw-ibrane. 
\y  This  picture  shovs  living  and  c.:d  ceils  in  wood.    Th3  tied  cells  contain  no  cy- 
toplasm; the: r  .ills  for?  tubes  wr.icf-  terry  water  through  ♦.*'•  tree. 

^    ^ruU-yctes  li^e  this  bacterium  also  I..-  _•  cr.ll  .ills.    These  walls  are 
siraito  in  -\:zzsor.  ta  th^cell  walls  of  olants,  I  :  f.2y  ;r«  biilt  of  different  r.e- 
terV.s.   .         ell  inimal£  leer  call  •..-ells,  and  r.nly  a  U.t  crotccoa  have  cell  walls 
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67) 

Will,  that  Just  about  finishes  out  guided  tour  of  the  cell.   Our  conpleted 
cell  is  quVte  a  complicated  structure^  Perhaps  you  would  like  to  turn  of f  the  tape 

for  4  mo^nt  and  study  this  diagram.   ®   Hc-e  1s  what  your  checklist  should  look 
like  now. 

^      If  you  wou,d  1,Ke  to  test  your  knowledge  of  cell  structure  and  function, 
there  Is  a  set  of  quiz  slides  at  the  end  of  this  presentation.  After  you  stop  the 
tape,  look  at  the  slides  and  give  the  nanes  and  functions  of  the  structures  Indlca- 
♦:d.   Each  quiz  slide  Is  followed  by  an  ansj^r  slide,  so  you  can  check  your  answers. 

W   The  cell  Is  a  complex,  dynamic  living  entity.   We  have  learned  much 
'bout  the  cell  since  the  microscope  and  the  electron  microscope  were  invented,  but 
there  Is  still  much  to  be  learned.   New  structures  are  discovered  every  so  often, 
as  techniques  for  .preserving  and  observing  cells  are  perfected.   We  are  still  trying 
to  figure  out  what  the  organelles  do  and  how  they  work. 

We  are  Interested  In  the  cell  because  1*  is  a  sort  of  lowest  cc-ron  denominator 
of  life.   Understanding  the  11ft  of  the  cell  can  help  us  to^rfc-d  life  as  a  whole. 
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QUESTIONS 


1.  Describe  the  main  Advantage  and  disadvantage  of  tha  alectron  microscope  at 
compared  to  tha  light  microscope. 

2.  Describe  the  major  differences  between  procaryotic  and  eutaryotlc  cells,  and  five 
an  example  of  each  kind  of  cell.  #^ 

3.  An  alectron  micrograph  of  part  of  a  cell  reveals  tha  presence  ©i  a  call  mesforane, 
cell  wall,  and  ribosomes.    This  is  laast  likely  to  be  what  kind  oi  cell? 

4.  A  cell  is  treated  with  a  chemical  Which  interferes  with  microtubule  formw_*on. 
TMs  is  likely  to  disrupt  what  cell  process (es)? 

5.  Nana  two  structures  or  organelles  that  you  would  expect  to  find  in  a  eukaryotic  . 
cell  but  not  in  a  prokaryotic  cell. 

a.  Name  two  structures  or  organelles  that  you  would  expect  to  find  in  a  plant  cell 
but  not  in  an  aalnal  cell. 

?.  nana  two  structures  or  organelles  that  you  would  expect  to  find  in  an  animal 
cell  but  not  in  a  plant  cell. 

••  If  a  cell  contains  a  higher  concentration  of  dissolved  molecules  than  its  liquid 
environment,  sometimes  water  will  move  into  the  cell,  a  process  called  osmosis. 
This  water  often  causes  cells  to  swell  and  burst,    which  cell  would  be  moat 
likely  to  burst  in  this  situation,  a  plant  or  animal  cell?  why? 

9.  Rama  the  organelles  where  the  following  processes  take  place: 

respiration  prr"-ein  secretion  information  storage 

protein  synthesis  Photosynthesis  propulsion  ^ 

10.  Which  cell  would  you  expect  to  contain  more  mitochondria  #  a  muscle  cell  or  a 
skin  cell? 


11.  In  which  organelle  or  structure  would  you  expect  to  find  high  concent  rat  ioma 
of  each  of  the  following  substances t    bKA,  ATP,  cellulose,  plant  pigments. 

12.  Using  a  loser  beam,  a  biochemist  destroyed  the  nucleolus  of  a  cell.  After 
about  an  hour,  protein  synthesis  in  the  .cell  stepped.  The  biocheeaUt  know 
that  no  protein  is  ever  made  in  the  nucleolus,  Explain  the  results  of  hie 
experiment. 


13.  Some  medical        archers  believe  that  the  tissue  degeneration  of  old  age  may  be 
associated  with  &    hange  in  the  membranes  of  lysosomal,  making  theme  membrane* 
more  likely  to    jpture  accidentally.    Explain  how  this  change  might  be  related 
to  ageing. 

14.  Describe  the  relationship  between  the  endoplasmic  reticulum,  Golgl  apparatus, 
secretion  vesicles,  and  th<  cell  membrane. 

*  n.  Do  you  think  alt  plant  cei:s,  even  root  cells,  contain  chloroplasts?  why? 
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MOD  124    rhe  Solar  System  and  the  Stars 

Thii  HOD  is  inttnded  Lu  be  an  independent  study  using  the  twelve 
Independent  Stucy  Prints  found  on  the  shelf  in  the  Resource  Center. 

OBJECTIVES:  \ 

the  completion  of  this  MOD  you  will  be  able  to: 
Explain  briefly  the  causes  of  both  the  seasons  and  day  and 
night.  c 
Briefly  describe  the  sun  as  an  individual  star. 
Explain  why  we  see  different  constellations  (or  groups  -tjf^ 
stars)  at  different  tiroes  of  the  year. 
Define  eclipses  and  tides. 

Explair  some  of  the  "hidden  meanings"  of  a  few  terms,  i.e. 
light  year. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

U    Hynek  and  Apfel,  Astruuomy  One,  pp.  234-238  in  Chapter  16 
and  pp.  255-258  in  Chapter  21 

2.  Bash,  Astronomy,  pp.  12,  13,  15,  16,  17,  18,  bl9  56,  and  57 

3.  Navarra  and  Strahler,  Our  Planet  in  Space,  second  half  of 
Chapter  3,  pp.  87-102  in  Chapter  5,  and  p.  181 

There  is  some  duplication  in  the  suggested  readings,  but  this  is 
to  give  different  approaches  to  the  materials. 

CEDJRE: 

Read  the  sections  ^n  the  books  listed  above. ~ 
tudy  the  prints  in  the  folder. 
Sheets  1  and  2  you  will  familiarize  yourself  with  the  relationships 
of  the  earth  and  the  sun,  first  with  respect  to  the  rotation  the 
earth,  and  secondly  wich  respect  to  the  revolutionary  motions  of  the 
earth.    Sheet  3  will  speak  of  the  planets;  sheet  4  describes  the  sun 
as  an  individual  object.    Prints  5,  6,  7,  and  8  discuss  the  nearest 
neighbor  to  earth  in  sp;,^    the  moon.    Prints  9  and  10  discuss  the 
stars  from  a  standpoint  of  constellations  and  the  revolution  of  earth 
in  orbit.     Sheet  11  briefly  introduces  you  to  the  galaxies  and  sheet 
12  mentions  the  major  instrument  used  by  astronomers,  the  telescope. 
3.    Answer  the  questions  and  dc  the  exercises  on  the  next  page. 

F;VAL  ASSESSMENT: 

Briiig  yv  v  answers  and  ideas  to  the  evaluation  session  and  be  prepared 
to  discus,  'hem. 


MOD  124 


118 


-2- 

Questions  and  Answers 

1.  Name  all  th*i  planets,  In  Increasing  distances  from  the  sun. 

y 

2.  How  do  you  account  forjiay  and  night? 

c 

How  do  you  account  for  the  seasons? 

3.  How  far  away  is  the  moon? 

Name  two  definite  observable  occurrences  on  earth  that  are  caused 
by  the  moon. 

4.  How  do  b^e  Jovian  planets  differ  from  the  Terrestrial  planets? 

5.  Name  the  planets  that  can  be  seen  witfh  the  naked  eye. 

Name  the  last  three  to  be  discovered 

6/   What  is  the  sun  mostly  composed  of?  ^ 
How  far  away  is  the  sun? 

7.  Define:    Astronomical  unit 

Light  year 

8.  Why  do  we  not  experience  an  eclipse  of  some  kind  each  month?  - 
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V  ISMEP 
MOD  125*  Evaluating  Video-Taped  Science  Lemons 

OBJECTIVES: 

« 

1.  After  creating  lesson  plans  for  activities  1  and  2  from  ESS, 
Kitchen  Physics,  Teacher's  Guide,  you  will  compare  your  propose**! 
teaching  strategy  with  that  of  a  teacher  whose  science  lesson* 
has  been  video-taptd. 

2.  Given  two  video-taped  science  lessons,  you  will  be  able  to  discuss 
the  questions  on  the  following  pages. 

3.  You  will  be  able  to  compare  and/or  relate- the  ESS  philosophy  with 
that  employed  by  the  teacher  in  the  video-tape  sequence, 

4.  You  will  be  able  to  compare  the  teaching  strategy  in  the  video- 
raped  lesson3  with  what  you  consider  to  be  an  inquiry  style  science 
lesson. 

INSTRUCTIONAL  REFERENCES  6  MATERIALS: 

1.  ESS,  Kitcfr£n  Physics;  Teacher' sk Guide 

2.  Carleton  Video-Tape  Project,  video-tapes  #S-004  and  IS-005 

3.  Question  set  in  the  attached  pages  -  adpated  from  the  Carleton 
Video-Tipe  Project,  Northficld,  MN 

4.  Panasonic  Cassette  Recorder,  Model  NV-2125. 

5.  TV  monitors 

FINAL  ASSESSMENT: 

See  objective  above.-    Bring  your  completed  MOD  sheets  to  the  instructor 
ac  the  time  of  the  final  assessment.    The  assessment  of  this  MOD  will 
be  a  small  group  activity  with  the  instructor  of  /our  choice  for  a 
uericd  of  approximately  one  hpur.    Be  prepared  to  discuss  the  questions 
bit  -the  attached  sheets.  '  * 
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PROCEDURE: 

i 

Steft  1  '  ^  > 

Read  pages  1-39-  in  ESS,  Kitchen  Physics,  Teacher's  Guide  and  create  a  brief 
lesson  plan  for  activity  1,  "Drops  and  Heaping,"  p.  10,  and  a  plan  for 
activity  2,  "Bottles  and  Steams ,"  p'.  22.    Your  plans  should  contain  tha 
following  headings: 

Title' of  Lesson 

Process  Objcctive(s) 

Content  Ohjcctive(s)  r 

P£fc-lab  Activities  '  # 

4^b  Activities  j  0 

F^st-lab  Activities  ™ 

Classroom  situation 

Assume  you  are  working  with  5th  graders  of  middle-class  background  and  a  class 

I.Q.  range  qf  100  to  140,    You  have  a  maximum  time  limit  of  45  minutes  %o 

accomplish  your  objectives.    The  children  will  vacate  the  room  at  that  time. 

You  are  beginning  your  student  teaching,  •  * 

<? 

j>tep  2  * 

r 

After  com, letirig  both  lesson  plans,  play  bark  video-tape  #SO04  (37  min.)  and 
vid^o-tape  i/S-005  (45  min.).    Do  not  view  the  £3pes  until?- 3  f tcr  your  plans 
Tjrilt:en.      9  • 

-.tckground  Information  Concerning  Video-Tapes 

* 

Woodlako  Elementary  School  is  located  in  Richfield,  Minnesota,  which  is  a 
f.iirly  close-in  suburb  of  Minneapolis.     The  socio-economic  background  of  meet 
of  tYi  students  is  middle-middle  class.    Approximately  40Z  of  the  studenlc- 
Mvo  oo*:i  parents  vorking.    The  school  does  not  'use  ability  grouping  in 
r;cip,ning  classes. 

fifth  grade  class  shown  on  these  tapes  consists  of  13  boys  and  15  girls 
v-th  an  I.Q.  range  of  100  to  140+.    They  have  not  previously  met  in  this  roe- 
n.r  with  this  to*  her;  they  changed  rooms  and  teachers  for.  this  course  in 
science.    The  stu</-nts  are  just  beginning  their  study  of  the  first  lessen  ir. 
the  "Witch      Physics"  unit  prepared  t>y  the  Elementary  Science  Study. 

"'In  tano  S-00;,  the  students  are  introduced  to  the  "Kitchen  Physics"  unit 
<v.d  work  on  investigation  1.    Exeerpts  «hown  on  the  tape  are  <froin  two  class 
p  :ri.*ds  to  show  the  complete  lesson  from  the  pre-lab  and  lab  throurh  the  post- 
:.;b  Activities. 

Tape  5-005  shows  the  class  doing  investigation  2,  "Bottles  and  Streams." 
T'me  is  taken  tp  prepare  the  room  for  a  rather  messy  activity. 

Mr.  David  Legvold, .teacher,  was  in  his  eighth  year  of  teaching  and  had  taught 
materials  of  the  Elementary  Science  Study  curriculum  program  for  three  years, 
at  the  4;ixe  this  class  was  taped.    He  holds  an  Elementary  Education  demise  *nC 
his  background  in  science  consisted  cf  approximately  twenty-four  quart o»*  hou-« 
of  course  work. 
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Video  Guide  for  Tape  tfS-004 

Elapood  Minutes  (Set  counter  at  zero  when  volume  number  appears 

on  the  screen.) 

Introduction 

I  \ 
-  2*2  The  teacher  makes  sorae\  general  remarks  about 

the  unit  and  the  students  begin  working  on 
the  experiment. 

12      *  The  teacher  interrupts  the  class  to  consider 

"discoveries"  made  by  the  students. 

21*$  The  teacher  hands  out  wax  paper  and  the  students 

begin  to  "race"  their  diops. 

-28*5  The  students  discuss  their  glidings. 

34  3/4  The*  following  day,  the  teacher  holds  a  review 

of  the  previous  day's  activities. 

37  The  tape  ends. 
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Locator  Chart  t 
To  be  used  with  the.  Panasonic  cassette  recorder. 
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To  use,  locate  the  time  of  the  desired 
activity  (as  taken  from  the  video  guide) 
on  the  left  scale.    The  right  scale  will 
then  give  you  the ^approximate  counter^ number 
of  the  desired  activity. 

Zero  your  counter  at  thf  fade-in  of  the 
volume  number  at  the  opting  of  the  tape. 


MOD  12  5* 


123 


Set  up  the  Carltoh  video-tape  0S-OO4  on  either  the  Sony  3600  or  3630  recorder. 
Answer  *He  following  question  in  the  space  provided  or  on  the  back  of  tb* 
MOD  sheets.    Use  the  "elapsed  time11  or  the  counter  numbers  (in  parentheses) 
to  facilitate  reviewing  the  taped  lesson. 

Elapsed 
Minutes 

Start  the  tape  to  compare  hypothetical  teaching  strategies 
devised  by  viewers  with  those  employed  by  the  teacher  shown 
on  this  tape. 

12  (294)  Stop  when  the  video  fades  while  pupils  are  doing  laboratory 

work.  Discuss: 

a.  How  did  the  teacher's  introduction  of  the  unit  compare  with 
the  way  you  would  have  handled  it?    Do  you  think  the 
teaclier  might  have  given  some  general  clues  as  to  the 
substantive  nature  of  the  material?    Why,  or  why  not? 

b.  What  was  your  reaction  to  the  teacher's  starting  the 
experiment  by  simply  stating  that  he  is  going  to  give 
them  some  materials  anH  they  are  to  go  to  work  on 
them?  (103) 

How  efficient  were  the  teacher's  procedures  in  pasrlng  out 
the  materials?  (105)    Can  you  think  of  alternative 
>  procedures? 

d.    Do  you  think  the  teacher  gave  the  pupils  sufficient 

guidance  and  direction  for  their  work?    Were  there  any 
safety  procadures  he  night  have  called  to  their  attention? 


\ 
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Start  the  tape  to  view  the  next  section. 

(A61)  £to£  at  the  next  video  fade,  after  teacher  says,  "See  what 
*        happens . H    Discuss : 

a.  How  does  the  teacher  use  questions  to  direct  the  students1 
attention  to  the  properties  of  liquids?    Should  he  direct 
students'  observations  in  this  fashion?    Why,  or  why  not? 

b.  How  did  the  teacher  help  students  identify  important  data? 
Can  you  think  of  other  ways  he  might  have  done  this.  Do 
you  think  it  would  be  a  good  idea  to  give  each  of  the  pupils 
a  worksheet  to  record  data  in  this  kind  of  activity? 

c.  What  is  your  reaction  to  the  way  in  which  the  teacher  dealt 
with  the  boy  who  dropped  his  eye  dropper  in  the  bottle  of 
water?    Have  you  noticed  any  other  instances  in  which  the 
teacher  has  responded  to  inappropriate  behavior? 


Start  the  tape  to  view  the  next  section. 

(567)  Stop  at  the  next  video  fade,  after  teacher  says,  "Just  lay  it 
on  the  table."    discuss : 

a.  To  what  extent  do  pupils  follow  the  suggestion  to  "race" 
their  drops?    What  other  kinds  of  activity  did  you  observe? 
How  would  you  differentiate  between  inquiry  and  just 
"messing  around?" 

b.  The  noise  level  in  the  classroom  has  increased  considerably 
throughout  the  period.    If  you  were  the  teacher,  would  you 
urge  the  pupils  to  be  quiet?    Would  you  allow  as  much 
freedom  as  this  teacher  does?   -How  many  children  do  you 
think  are  wasting  time? 
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Start  Che  cape  to  view  the  next  section* 

3/4      (658)  Stop  at  the  next  video  fade  which  marks  the  end  of  the  class 
period*  Discues: 


a.    How  did  the  teacher's  post-laiu^ctivities  compare  With  those 


you  had  planned?    Was  his  approach  effective?    Do  you  feel 
his  treatment  of  the  data  was  adequate? 

Ik    Were  you  satisfied  with  the  teacher's  summary  that  "water 
is  in  love  with  itself?"    Vou  would  you  have  summarized  the 
lesson? 

c.  Generally  speaking,  how  Joes  this  teacher  handle*  conflicting 
opinions?  • 

d.  This  lesson  was  approximately  forty  minutes  long.    Would  you 
have  expected  fifth  graders  to  exhibit  so  long^a  span  of 
interest?    What  factors  do  you  think  may  have  influenced 
their  response? 


Start  the  tape  to  view  the  next  section. 
Stop  at  the  end  of  the  tape.  Discuss: 

a.  Was  this  merely  a  review  of  the  preceding  dayf3  finding* 
or  did  you  feel  that  the  teacher  was  actually  concluding 
the  post-lab  discussion  at  this  time?    What  advantages 
would  you  see  in  his  having  post-poned  the  entire  post-lab 
for  this  day? 

b.  What  is  your  reaction  to  the  vocabulary  used  by  the  teaehcj 
in  helping  pupils  review  the  behavior  of  the  liquids? 

c.  To  what  extent  do  you  think  this  lesson  was  representative 
of  the  ESS  philosophy  of  teaching  science? 
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Video  Guide  for  Tape  #S-005 
~ lapsed  Minutes 


12  3/4 


(Set  counter  at  zero  when  volume  number  appears 
on  the  screen.) 

Introduction 

Part  I:    the  teacher  and  class  make  preparation 
for  the  experiment. 

The  teacher  distributes  supplies  and  equipment 
and  the  room  is  reorganized  to  minimize  the  mess. 

Beginning  of  Part  II:    most  of  the  organizing  is 
complete;  the  students  begin  to  manipulate  the 
equipment  and  to  record  data.  * 

The  teacher  summarizes  the  data  gathered  on  the  board. 

Student?  work  at  plotting  the  length  of  the  vatfer 
column  against  a  strip  of  black  paper. 

The  tape  ends. 


Set  up  the  Carlton  video-tape  #Sir005  on  the  Panasonic  cassette  recorder,  model  nv2125 
and  again  review  the  tape  and  answer  the  following  questions. 


Elapsed 
Hinutcs 


V4 


Start  the  tape  to  view  the  beginning  of  the  class.    Notice  the 
teacher's  strategy  in  passing  out  equipment  and^in  giving 
instructions • 

(299)  Sto£  at  the  end  of  Part  I,  after  teacher  says,  "You've  got  to  go 
about  your  business  without  any  horseplay/1  Discuss: 

a.  At  the  very  start  of  the  tape  the  teacher  cautions  his 
students.    What  kinds  of  behavior  was  he  attempting  to 
prevent,  and  what  kinds  of  behavior  was  he  attempting  to 
encourage?    Do  you  think  he  could  have  inhibited  inquiry 
by  his  Statement?  : 

b.  How  does  the  teacher's  introduction  to  the  investigation 
compare  with  what  you  would  have  done? 

c.  Was  his  procedure  in  getting  the  pupils  ready  for  work 
effective  and  efficient? 

ri.    How  natural* was  the  line  of  questioning  that  led  up  to  the 
first  pouring  activity  using  the  plastic  bottles?  What 
would  you  have  done  differently?      .  - 
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Did  the  children  seem  to  understand  the  procedural  questions 
at  the  end  of  this  segment?    Did  they  know  how  to  use  the 
equipment?    Did  they  have  any  idea  why  they  were  using- these 
items  of  equipment*  or  why  they  were  doing  what  they  were 
doing? 


Start  the  tape  to  view  the  beginning  of  Part  II. 

6 

25  (512)  Stop  as  the  picture  fades.  Discuss: 

a.  Do  the  children vseem  to  know  what  they  arc  supposed  to  do, 
or  are  they  merely  having  fun  playing  wfth  the  water?  U\.uld 
you  have  structured  this  investigation  differently? 

b .  What  procedures  might  reduce  the  amount  of  water  on  % 
surfaces  where  the  children  are  working? 
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Start  the  tape. 
Sl*j  (606)  Stop  it  the  next  video  fajje^  Discuss: 

a.  By  this  time  it  should  be  obvious  that  the  previous  activities 
were  intended  as  warmups.    Wa3  it  necessary  to  be  30 

*   circumspect?    What  choices  did  the  teacher  have?    How  night 
you  have  planned  it?  . 

b.  Do  students  seem  to  ha^  any  difficulty  in  taking  data? 
Were  they  ever  told  how) to  record?    Would  it  be  more 
efficient  to  develop  eo^e  type  of  a  data  she^et  to  help 
students  organize? 

c.  Is  there  any  evidence  that  this  portion  of  the  laboratory 
takeys  too  long?    Do  the  students  continue  ;o  be  interested? 
36  they^  continue  td  work,  or  do  they  start  to  play  around? 

d.  The  teacher  has  chosen  to  record  the  dtta  on  the  board.. 
Does  he  record  all  of  the  data  collected?    Would  it  be 
better  to  compile  a  class  histogram? 

e.  What  does  he  attempt  to  show?    Does  he  ever  do  it? 

f.  How  does  the  teacher  treat  student  findings  that  are 
not  consistent  with  those  of  other  students? 
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Start  the  tape  to  view  the  final  segment. 
(790)  Stoy>  at  t!ia  end  of  the  Dtcruss: 

a.  This  portion  of  the  lesstfn  deals  with  the  cohesiven^ss  of 
water.    Children  are  attempting  to  discover  some  way  to 
measure  it.    Do  you  think  that  the  method  chosen  is  the 
most  effective?    What  choices  (ices  the  teacher  have? 
What  problems  do  students  have? 

b.  Notice  that- towards  the  end  of  the  tape  children  starred  to 
play  around.    Do  you  think  that  the  lesson  was  too  lon^,  or 
that  there  were  too  'many  activities  planned  for  one  day? 
What  would  you  have  done? 

c.  "When  children  become  restless  what  does  one  do?    What  did 

the  teacher  do? 

d.  As  children  became  distracted,  how  did  the  instructor  refoc 
their  attention  on  the  work  at  hand? 

Do  you  think  an  activity  as  messy  as  this  one  should  be 
attempted  in  a  classroom  which  doesn'  t~  have  e pec :€al 
laboratory  facilities? 

What  is  your  reaction  to  the  clean-up  activities? 

g.  How  do  you  think  the  teacher  felt  about  this  lesson? 
What  do  you  think  the  students^ learned? 

h.  How  would  you  evaluate  this  teacher Ts  rapport  with  the 
students?    To  what  do  you  attribute  this? 


e . 


f. 
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MOD  ,126    Developing  a  Teaching  Lesson  in  Science 

This  MOD  is  designed  to  allow  you  to  develop  and  refine  a  lesson  utilizing 
science  concepts  and  processes  trom  one  or  more  of  the  MODs  you  have  completed 
and  incorporating  them  into  a  lesson  to  be  taught  to  elementary  "children. 

PREREQUISITES:    MOD  100,  114,  125,  and  at  least  six  MODs  from  among  the 
following:     102,  104,  106,  108,  110,  112,  113,  116,  11»,  121,  172,  123,  and 
124  . 

OBJECTIVES: 

1.  At  the  completion  of  this  MOD  ypu  should  have  a  complete  lesson  plan 
for  an  elementary  class  with  the  following  components: 

A.  Title 

B.  Grade  level  (check  with  instructor) 

C.  Concepts  and/or  processes  emphasized 

D.  Behavioral  objectives 

E.  Materials  needed 

~F.     Instructional  procedures  " 
G.    Final  assessment 

2.  You  should  te  able  to  identify  the  competencies  from  the  accompanying 
list  that -you  showed  greatest  strength  in  and  those  which  need  to  be 
improved . 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  SAPAt  Commentary  for  Teachers 

2.  Elementary  science  materials  and  references  in  the  ISMEP  laboratory 
and  SME  Resource  Cente*- 

3.  Video-recording  and  playback  equipment 

4.  Video  tapes  from  the  1977-78  SME  100  class 

PROCEDURES:  ^ 

JL.    Check  with  an  instructor  the  grade  level  for  which  to  prepare  the 
lesson. 

2.  Study^  the  sections,  Behavioral  Objectives  and, Actions  Words,  from 
'behavioral  Objectives,  Action  Words,  and  Process  Hierarchies"  in 
the  SAPA  Commentary  for  Teachers  (pp.  19-24  in  newer  edition  or 
pp.  21-26  in  older  edition).  ' 

3.  Working  with  your  JSMEP  partner,  write  a  plan,  in  good  form 
(preferable  typed) ,x following  the  outl-ine  in  OBJECTIVES  for  a 

„  30-40  minute,  l-esson  appropriate  for  the  grade  level  identified 
in  #1  of  "this  section. 

4.  Submit  a  copy  of  your  plan  to  an  instructor  for  review. 

5.  .  Discuss  the  plan  with  the  instructor,  making  changes  agreed  upon 

by  you  and  the  instructor. 

6.  Revise  the. plan  to  be  used  in  the  peer-teaching  and  to  be  duplicated 
for  the  classroom  teacher  in  whose  classroom  the  lesson  will  be 
taught. 

7.  OPTIONAL:    View  a  video  tape  from  the  1977-78  SME  100  peer-teaching 
file. 
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8.    With  fjour  to  six  ISMEP  peers  as  students,  teach  the  lesson, 
alternating  leading  roles  with  your  partners  and  emphasizing 
a  process-oriented/  inquiry  style  of  teaching,  while' video- 
taping"'the  lesson.     I  The  lesson  will  probably  require  about 
20  minutes  with  peers.) 

FINAL  ASSESSMENT: 

1.    Review  the  competencies  on  the  following  page  and  checkmark 
those  items  you  think  need  improvement. 
n     2.     Sign  up  for  a  30-40  minute  period  with  an  instructor Cs) . 
3.    Present  a  copy^of  the  final  lesson  plan  to  be  used  while 
viewing  the  video  lesson. 
,4.    View  fhe  tape  with  an  instructor  (s) .     The  instructors)  will  fpcus 
on^those  competencies  that  you  have  checked.    Both  of  you  will 
work  on  remedial  steps  to  be  taken  during  the  science  1 isson  that 
you  subsequently  will  teach  to  children. 


MOD  126 


132 


-3- 


Gen.ttl  Methodology  Coep.teocl..  for  th«  Preservlce  TrfitchT  of  Elqxntary  Science 

c  *•  * 

The  prospective  elementary  school  teacher: 

1.  whan  given  *  list  of  alternativea  for  teaching  science  to  children,  will  bo 
•bio  to  idontlfy  those  alternatives  that  art  more  conducive  to  an  Inquiry 

-  etyle  of  taachlng. 

2.  whan  In  a  eclence' teaching  rola  in  tb#  actual  claeerooa,  will  ba  sble~to* 
^   create  altuatlona  "that  lnclta  lpveetlgetion  by  tha  children.    Tha  ability 

to  "iocxt*  investigation"  will  ba  avldcncad  by  tho  following  typas  of 
behavior; 

(a)  children. raapond  anthualaatlcally  to  tha  teacher1 e  directives. 

(b)  chlldran  ask,  or  by  thalr  behavior  inply,  curiosity  typa 
quaationa  audi  aa,  "what  if...T,,f  "how  can  1  aaka  lt...t,M 
"if  I  do  thla  what  will  happen...?/1  "let 'a  do  thla  and  aaa 
what  happens  ••«,"  "don't  show  we,  let  ne  figure  it  out...!" 

3.  when  in  a  aclanca  teaching  rola  in  the  actual  classroom,  will  esploy 
divergent  quaationa  in  Initiating  a  etudent-centered  eclenca  investigation* 

4.  will  xnvlte  children* e  participation  in  an  lnvaatlgatlon  throtijh 
quaatloning  rather  than  lecturing. 

5.  will  be  able  to  encourage  opan-slndedneae  and  discourage  icpotuoua  decielon- 
naklng  or  generalising  .by  children. 

6.  will  ba  able  to  respect  and  ackno'j lodge  contrary  opinions  expreeeed  by 
children  whan  auch  opinions  can  ba  deuona trebly, based  on  a  logical  eequance  ♦ 
of  thinking. 

» 

7.  will  ba  able  to  withhold  value  judgments  of  children's  anewera  when  lack 
of  expreeelon  of  auch  value  judgments  l«a4s  to  sore  discussion. 

I 

8.  pot  only  penal ts  but  encourages  diecuselott  *mmg  children  when  an 
investigation  Is  in  progreas. 

9.  will  ba  adept  at  procuring  Materials  and/or  planning  altuatlona  nacaaaary  t 
^for  "handa  on"  aclanca. 

10.  will  ahow  evidence  of  using  materials  and/or  creating  altuatlona  to 
help  children  view  natural  systaas  first  hand. 

11.  will  as^haslsa  process  development  and  assaeeaioot. 

12.  will  recognise  tjiat  In  an  Inquiry-oriented  acience  leeaon,  cloaure  Utiles 
organisation  of  data  aad  possible  redirection  rather  than  format ion  of 
premature  conclusions.  • 
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HOI  127    Teaching  Children:  '* Science 
PRF REQUISITES:    MOD  126 
OBJECTIVE: 


Given  a  group  of  four  to  eight  children,  you  and  your  ISMEP  partner 
will  teach  the  lesson  developed  in  MOD  126.    Each -partner  will  assume 
major  rcles  for  a  portion  of  the  lessor!.    {The  lesson  will  exemplify  a 
process-oriented,  "hands-ort"  inquiry  style  oFs science  instruction.  You 
should  perform  according  to  the  criteria  liste^  tji  MOD  126  on  the  competency 
page  titled  "General  Methddology  Competencies  for  the  Preservice 
Teacher  of  Elementary  Science".    The  lesson  may    be  video-taped. 

9  INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Plan  developed  in  MOD  126 

•  2.  Materials  listed  in  MOD  126 

3.  ^General  Methodology  Competencies  for  the  Preservice  Teacher  of 
.  Elementary' Se-Ienc^"  in.MOD'J.2  6 

4.  Video  Tape  Recorder  if' necessary  .  '  ' 

FINAL  ASSESSMENT: 

Each  ISMEP  team  will  sign  up  for  a  60-winute  time  period  as  soon  as 
possible  following  the  teaching  experience.    The  performance  will  be 
evaluated  in  terms  of  strengths  and  weaknesses' on  the  competencies 
presented  in  MOD  12  6.  *  * 


\ 


r 


PROCEDURE: 

You  an<  your  partaer  will  collectively   teach  a  lesson 
or  lessons  emphasizing  the  process -approach.    The  lessons  will  be 
taught  to  a  group  of  children  at  an  elementary  school  location.  The. 
particular  schools*  classrooms,  grade  levels,  and  units  will.be 
selected  aft*r  the  principals  of  those  schools  and  the  ISMEP  staff 
can  arrange  mutually  agreeable  schedules.    You  will  probably  do  your 
teaching  within  the  ISMEP  scheduled  time  periods  during  a  3-week  \ 
interval  toward  the  latter  part  of  the  term.    Afte^  the  scheduling 
has  been  accomplished,  you  will  be  given  options  of  grade  level  oh 

a  first  Come;  -  firsi  served  basis.    IF  needed  a  master  schedule  will  be 
posted  on  the  ISMEP  bullktia-rboard  when  final  arrangements  with  the  principals 
and  tfMChers  have  been  established. 

Flexibility  In  individual  small  groups  should  be  built  into  each 
lesson.    Evaluation  of  pupil  progress  will  be  an  Integral  part  of 
the  lesson  planning.  - 

In  thV  seminkr  with  the.  faculty  member  each  team  member  will. give 
wh  ;  she  thinks  are  the.  pros  and  cons  of  her  individual  effort. 
Afi  ar  this  the  team  members  and  the  instructor  will  evaluate  the 
progress  of  the  team.    Remedial  steps  will  be  suggested,  individual 
competencies  will  be  assessed. 

Assessment:    During  each  lesson  the  faculty  member  will  be  observing 
Individual  activities.    He/she  will  be  looking  for  evidence  of  the 
methodology  competencies  listed  in  MOD  125  ,  p.  3 .    A  value  Judgment 
will  be  made  to  determine  whether ^or' not  the  individual  student  has, 
at  this  time,  succeeded  in  achieving  an  acceptable  level  of  compe- 
tence relative,  to  all  of  the  applicable  items  on  the  list. 
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MOD*  t28*   Soaps  and  Detergents 
Observing,  inferring 

OBJICTIV1S: 

Given  the  materials  in  the  MOD,  you  will  be  eble  to: 

1.  d— onatrate  surface  tension; 

2.  lnveetlgate  bow  soaps  and  detergents  serve  M  binding  egente; 

3.  distinguish  detergents  that  do  and  do  not  completely  dissolve; 

4.  test  detergents  for  fillers  by  observing  floating; 

5.  test  how  pre-soek*  sad  easyaes  destroy  proteins  and  carbohydrates. 

JMST1UCTI0HAL  REFERENCES  6  MATERIALS: 

t 

I*    Tha  Soap  and  Det^rgant  Association,  Detergents  and  ft^eW^antj, 
1972  -  caeaatte  and  slices,  in  MOD  tray. 

2.  SttMidt  and  Hockcaatla.  "Banaath  tha  Suda,"   Taachlw  Sciaoct  with 
"    everyday  Thlnis,  McCraw-Hil)  Bpok  Co.,  1968  ,  in  Resource  Center. 

3.  Soap,  dat  argent  a  f  pre-soak  and  eotyme  aaaplaa 

4.  Small  jare,  rasor,  oil,  cherrloa 

5     Wilson,  Physics  -  Concepts  and  Applications,  pp  476  -77 
FINAL  ASSESSMENT: 

1.  See  objactlvaa  above., 

2.  Be  praparad  to  dlacuaa  tha  acfclvltiae  in  this  HOD  whan  you  raport 
N  to  your  instructor* 

*H0D  128  was  prepared  for  tha  Unified  Science  Curriculum  at  tha  College  of 
St •  Teresa  by  Sally  McClean,  1971* 
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pRiOSDURJi: 

Get  oral  Xnformatlon 

Sorp  wae  made  nearly  1,000  year*  ago  by  boiling  tallow  and  wood  aahaa,  than 
treating  it  with  aalt.    One  hundred  yaara  »~o  nearly  all  aoap  waa  made  at 
hone  by  boiling  fata  an'1    Ue  with  alkali  in  a  proceaa  called  saponification. 
Then  aalt  la  added.    The  .alt  makes  the  aoap  rise  to  the  top  while  the  aalt 
aolution  and  excesa  alkali  alnkf  to  the  bottom  and  is  drawn  off.    This  process 
is  repeated  five  or  alx  times.   Hore  water  and  alkali  are  added  until  .the  laat 
bit  of  fat  la  saponified.    Today  soap  is  churned  while  perfuses  and  coloring 
are  added.    For  floating  soap,  more  churning  is  done.    Air  ia  beaten  into 
liquid  aoap  to  sake  it. lighter. 

Hot 'melted  aoap  la  then  aade  into  bars  or  granvles.    Granulea  are  made  by 
grinding  dried  soap,  placing  them  in  a  75-foot  tower,  spraying  with  liquid, 
and  drying  by  blaata  of  heated  air  as  they  fall.    Particlea  of  dried  aoap  are 
then  ready  for  packaging. 

r<vp  gives  watur  cleeneing  and  penetrating  proper tiea  when  it  la  dlaaolved  in 
a   s-quid.    Thia  la  a  physical  reaction,  not  a  chemical  one.    Soap  nuat  be 
aoxuble  in,  order  Uo  adsorb,  or  to  collect  dlaaolved  matter  on  the  surfnce  of  a 
solid .    Alditional  agitation  or  rubbing  la  needed  to  release  or  breek 
adaprptivl  bonds  between  particlea  and  fibere. 

Activities:  3 

1.  To  demonatrate  aurface  tension. 

Water  haa  aurface  tension  which  makes  it  behave  as  though  it  were  covered  with 
a  thin  elaatic  film.    Surface  tension  prohibits  water  from  getting  in  and 
around  an  object  and  ita  small  particles  of  dirt. 

fill  a  glass  with  water.    Carefully  place  a  raaor  blade  on  top  of  the  water- 
Can  you  make  it  float?    Wipe  the  blade  dry  and  try  it  again. 

Remove  the  blade.    Stir  a  t*«""vjn  of  liquid  soap  into  She  weter.    After  the 
water  becomes  calm,  place  the  blade  on  top  of  the  water.    Doea  the  reaor  blade 
float?    Try  this  several  times  bofore  you  come. to  any  conclusion. 

Did  the  aoap  have  any  effect  on  the  surface  tension  of  the  water?    If  ao,  what? 

2.  To  a;  . f>-tit?ate  how  detergents  and  soaps  aerve  as  bonding  agents. 

Sot  pa  have  a  .    in  of  atoms,  part  are  water  repelling  and  part  are  water 
attracting,    f\«  water-repallant  and  dissolves  in  grease  and  oil.    The  other 
enc  dlaaolvea  ia  weter.    Soaps  aerve  aa  bonding  agents  between  meter  aad  4±rt 
to  draw  them  irto  the  weter  end  to  hold  them  in  suspension.    When  the  droplets 
err  small  enougct,  the>  do  not  atlck  to  hands  and  dishes,  but  work  away  with  the 
water. 
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Us  !  two  Liquids  that  do  not  mix,  such  as  oil  and  water,  and  a  small  amount  of 

.argent.    Pill  a  jar  2/3  full  of  water.    Add  10  to  12  drops  of  oil  with  a 
dripper*    Does  the  oil  float  or  sink,  or  does  some  float  and  some  sink? 


Stir  the  oil.    Does  it  mix  with  water?    How  do  you  define  mix? 

Cover  the  Jar,  Then  shake  the  oil  and  water  and  let  it  stand.  What  happens 
to  the  droplets?    Can  you  tease  them  together? 


Dip  a  toothpick  into  a  jar  of  liquid  detergent.  Touch  it  to  the  center  of 
the  water.    What  happens  at  the  oil  and  water  surface? 


Civer  the  Jar.    Shake  the  oil  and  water.    Hold  the    :,r  up  to  the  light  and 
observe  the  contents  with  a  magnifier  if  possible.    Are  there  more  or  fever 
drops  of  oil  than  before?    Are  they  larger  or  smaller? 


Add  another  small  amount  oNdetergent,  Shake  the  mixture.  What  change  do  you 
observe  in  the  number  and  size  of  the  oil  droplets? 


Dii  your  investigation  verify  that  the  size  of  the  oil  or  grease  droplet  is 

affected  by  so*>p? 

Aspects  of  Pollution 

Many  detergents  ate  mvertised  to  be  biodegradable.    Blodegradabllity  is  the 
property  whereby  a  ue.e^nt  is  broken  down  by  living  organisms  in  a  watet 
treatment  or  sewage  system  »    r  short  period  such  &a  72  hours.    Thus  the 
detergent  can  not  harm  water  ot  animals,  cause  "heads"  on  our  lakes  and  streams , 
or  pollute  our  drinking  water  su?t^ly.    Most  detergents  now  used  are  biodegrad- 
able. 

Pollution  is  often  traced  to  phosphates  needed  in  detergents  to  make  clothes 
v  »ife.    100 %  phosphates  act  as  fertilisers.    In  water  they  cause  a  great 
Srowt,       algaii  which  uses  up  so  much  oxygen  that  fish  die.    Algae  tends  to 
maie  a  (      -  ~ea. 


If  phosphates  ore  entering  natural  waterways  at  all,  detergents  and  soaps 
would  be  only  .5%  of  all  the  ohosphate  found.    Most  phosphates  would  originate 
fr*a  runure  ft  »m  pastures,  inorganic  farm  fertiliser  and  factory  waste.    It  is 
not  satisfactorily  proven  that  phosphates  from  soap  are  in  water,  but  no  more 
M  phosphates  than  necessary  should  be  used.    Most  detergents  new  on  the  market 
contain  many  v*)te  phosphates  than  necessary. 


Force  some  of  the  oil  underwater.    What  happens  to  it? 
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Altiough  phosphites  froc  soap  have  not  been  scientifically  proven  to  be  a 
pollution  problem,  the  public  is  convinced  they  are.    So  soap  manufacturers 
rer laced  phosphates  in  soap  with  H.T.A. ,  table  salt,  washing  soda,  and  borax.- 
These  products  tiay  cause  more  problems  than  phosphates. 

N.l.A.  (Nftrllotrlacetlc  acid)  whitens  and  is  biodegradable,  yet  its  metal 
ions  (mercurkr,  lead,  iron)  leech  into  drinking  water.    These  are  poisonous 
products,  sd  the  government  took  then  off  the  market. 


Table  salt  ifhitene  and  is  a  water  softener,  yet  it  has  no  cleaning  power.  It 
causes  abrasive  action  on  clothes  just  as  salt  does  to  a  car. 

Waahin^soda  and^or^x,  if  used  to  large  extent  in  America,  "will  turn  our 
fresh  w&t^r  into  salt  water.    Salt  does  not  disintegrate.    These  materials 
are  hard  on  washing  machine  parts  and  clothes. 

Popular  opinion  is  so  strong  that  in  Indiana  and  Chicago  the  use  of  phosphates 
ir,  forbidden.    If  wate^  ij  very  soft  and  very  hot  water  is  used,  the* clothes 
e  av  white  without  phosphates., 

/ 

ligh  foam  from  soaps  results  in  the  accumulation  of  large  volumes  of  unmanagea- 
ble foam.    Problems  from  foam  are  severe  in  Britain.    Low  foaming  action 
soap  or  detergent  more  susceptible  to  bacterid  attack  4urlng  sewage  treatment 
is  a  remedy  :o  foam.  g 

3.    To  distinguidh  detergents  that  do  and  do  not  dissolve  completely. 
To  be  effective  a  soap  must  dissolve.    A  cloudy  mixture  shows  that  some  of  the 
detergeut  is  not  dissolving.    Han/  detergents  contain  phosphates  which  4tre 
used  as  softeners  and  whitenfcrs.    Detergents  which  an  biodegradable  are 
broken  down  by  living  orf*iams  within  a  short  period  in  a  water  treatment  or 
sewage  system.    Most  detergents  marketed  today  use  fillers  which  are  non- 
cleaning  substances  as  bleached  sawdust,  peanut  hulls  or  groundup  paper.  The 
active  detergent  molecules  ^ay  comprise  as  low  as  30Z  of  the  ingredients . 
Thus,  the  majority  of  -S-  product  consists  of  material  which  is  water  insoluble 
anc*  essentially  not  '  iorfegr adable. 

Pill  four  quart  bottloc  abouL  \  ,  I  full  of  cold  wa*c*,    Place  H  cup  of  four 
satrple  detergent  in  separate  bottles.    Label  the  sample  with  the  name  of  the 
detergent.    Stic  wacV  one  with  separate  spoons  for  an  equal  time.    After  a 
fev  minutes  observe  what  happened.    Do  any  of  the  samples  show  undissolved 
material  that  you  can  see?   Which  ones?    Record  your  observations. 

S*  Fie  A  Sample  B 

Sample  C  Sample  D 

Do  acy  >f  the  simples  show  evidence  of  filler?    Which  ones? 
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4.    To  test  det argents  for  fillers  by  observing  floating. 
Put  a  teaspoon  of  one  of  the  sample  detergents  Into  a  small  jar  and  fill  It 
3/£  full  of  vat  sr.    Mote  whether  the  detergent  Initially  floats  or  sinks  to 
the  bottom  of  the  solution.    If  It  floats  Initially  the  detergent  probably 
contains  filler.    Record  your  observations.    Then  shake  the  jar  until  the 
detergent  is  dissolved  to  test  for  cloudiness  indicating  the  presence  of  fillers. 

Sample  A  Sample  B 


Sample  C    ,  Sabple  D 


5.    To  test  pre-soaks  and  enzyaes  in  destroying  carbohydrates  and  proteins. 
Pre-soaks  contain  both  detergent  material  and  enzymes.    Enzymes „in  laundry  ^ 
products  refer  to  the  complicated  molecules  which  aid  in  decomposing  a  stain 
*:,lecule.    Enzymes  selectively  digest  carbohydrates  and  proline.    They  remove 
etrlns  by  destroying  or  breaking  down  stains  of  carbohydrate  or  protein 
origin,  such  as  chocolate,  blood,  perspiration,  grass  stain,  fruit  and 
vegetable  stains,  coffee,  tea,  gravy  and  catsup.    Enzymes  can  not  harm  clothing 
since  the  fibers  in  materials  are  not  protein.    However,  persons  allergic  to 
enzymes  may  react  from  fcinrs  with  skin  problems  or  itching. 

Place  a  teaspoon  of  three  sample  enzyme  pre-soaks  in  separate  jars.    Fill  the 
jars  one-half  full  of  very  hot  water.    Add  ten  cheerlos  to  the  jar  and  cover 
it.    Siake  and  wait  an  hour.    Since  cheerlos  are  about  85%  carbohydrate  and 
protein,  an  enzyme  pre- soak  should  break  down  most  of  them.    Record  the 
effectiveness  of  the  enzyme  pre- soak. 


Sample  X 


Sample  Y 


Sample  Z 


Let  the  cheerlos  soak  in  the  samples  for  24  hours  and  record  your  observations. 


Settle  X 


Sample  Y 


Sample  " 
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MOD  129    flo^it  or  Sink? 

Piedicf  tg,  interpreting  data 

OBJECTIVES: 

1.  Given  thi  materials  in  tha  BCD  tray  and  having  consisted  tha 
attached  activities,  you  trill  ba  able  verbally  to  state  the 
reietioitfhip  betveea  apacific  gravity  and  buoyancy  in  ragard  to 
tha  ability  of  an  object  to  either  sink  or  float. 

2.  Aftar  having  completed  tha  attached  ectlvitl**,  mi  having  been 
given  density  tablae,  you  will  be  able  to  prn<ttc,t  whether 
various  objects  will  sink. or  float  in  alcohol,  geeoline,  aeraury, 
or  aaa  water. 

INSTRUCTIONAL  BSPUtBNCSS  *  feTIRIALS  i 

1*    KS,  Clay  Boatja.  Teacher' •  Cu id* 
2«    ESS,  Siat:  2£  Qfiftj*  Taecher 7b  Guide 

3.  SAPA,   103,  Densitv. 
FINAL  ASSESSMENT* 

See  objective*  abdve. 
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Got  oral  Inform  :lon 


•xcitoc obout  dUcovria,  th.  pri^lpl.  .f  ^7.mc7  th*.  y^roSir^nJiM 
liSlry  JilLfLi!  '•Ut*  *°*Ut  •0tltlW  ««-telt  HKSr 

Tj^ty^l^f  thi\"*  70X1  •hottl*  th.  ^  of  th.  f »  . 

.nijLrl??^}  iC  «r!!ltr'  *"*  you  *  ?rW<«4  ofc.th.r 

1,111  ,iBk  °»  "°.t  it-  ooa.lty  onrf  th.  oowlty  •#  .  tlmU  ouch 

^JliT  t!,d?£ln*  "  th«  wl«tU».hip  of  th.  wight  of  m  objoot  U  if 

Li  J   J"*      t!*  Mti*  •*  th#  of  m  objocc  to  th.  wight  of 

ii2ik.   ^?  For  •  coble  foot  of  aul  IT  Might 

„f  J!  ;  "Ji**  !  CuMc  foot  o£  wlthf  M.o  loo.  th.  opoclfte  gravity 

wliS^,  ?  1!!°""  b*  312  lk«-'M-*         or  5.    Or  .  coble  foot  of  *oo<  "X" 
woigbo  31.2  lbo.,  oo  th*  opoclfic  gravity  of  woodJX^mniSru  Ji.21bo./M.4  Ibo. 

or  i 

Aetloltlo. 


clao  aW^n^!  *  2nd  ,pr!1£lc  «r*vity  of  •  Pi«c«  of  clay,  toll  •  ploco  of 
o^float?  Put  c'  clay  Into  a  buckot  of  oator.    Dow  It  t  Ink 


Btfor< 
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4.    Velgi.  the  displaced. water. 


5.  rind  the  sp>cific  gravity  of  day.    .rawlf  tT 

Wo,  Id  a  cllfferait  volune  of  cloy  ahow  a»nco«l»tely  the  *«•»  oneiric  grevUyT 

  If  you  are  U  dOUbt,  find  OOt  Of  tOOtlng. 

6.  Take  tb.  ploc.  of  cloy  ^\"^*  ^w.'^SoS'ir 
It  in  ordor  to  onto  It  float.  Timr  clay  Wot  will  have  tc*~ll~^£  ^ 
•It  in  tho  overflow  coo  without  touching  the  sldoe.   *loo  ••        *~  tB* 

quantity  of  cloy  that  you  had  In  activity  1  by  weighing  it. 


7.  Aftar  you  .nape  tho  cloy  boat  to  note  It  float.  *  *J  J"*'1" 
can  to  see  how  such  water  It  diepiecee.    Celiac t  tho  overflew  watar  L  a 
graduated  cylinder.    Uncord  tha  volune  In  ol.  — .  

8.  Walsh  thla  quantity  of  watar  by:    a)  placing  a  ajaU.  jloar  plaotic 
^nr.inir  on  each  platfom  of  tho  balanca  acala;  b)  halaacint  tho  Mtto  at  tno 
aero  point;  and  c)  pouring  tha  overflow  watar  Into  tha  plaatla  0O"iV^1^t 

tha  left  elde  of  tha  *<:*!*.    accord  the  weight  In  g.  r=T      «-»*Tln  «1 

A  dlaplacod  water  In  g.  whould  appronlawtaly  oqual  tha  vo'-«e  ot  watar  in«^ 

5.    Cooper*  tho  wight  of  tha  displaced  watarwlth  J^^f^J^^L  U 

it  within  a  gran  or  .pproxl.et.ly  the  sows?   T»  «"•«  *1«ht  tM 

diacrapnncy  of  th*^*e-velgfctsbe  attributad? 

10.    How  vary  carefully  add  juat  enough  •inkers  (•wall,  gray 4mi^^^* 
your  boet  sink.    Ae  you  do  this,  collect  the  iSA  BTacross. 
cyllnoer.  This  part  works  better  if  top  surtace  of  boat  is  level  al- 
io* wany  tinkers  sake  your  boat  sink?  

Bow  nuch  nor*  displaced  water  overflowed?  —7 

How  nuch  weight  does  thla  aunber  of  sinkers  rooTMontT  — •* 


11.  Add  the  weight  of  the  boat  to  tha  weight  of  tho  sinhers. 
Total  weight  -  g. 

12.  Add  the  welaht  of  the  water  displaced  by  tho  floating,  snoty  boat 
(activity  «)  to  the  weight  ui  -He  displaced  wstsr  after  too  aoet  aeam 

(activity  10).    Total  weight  -  H« 

13.  According  to  the  theory  of  buoyancy,  sctivltioo  11  and  U  •"•"J*- 
equal  weight.    Are  tha  weights  within  2  grass)  or  sUsllarT  Or  are  *J*7 

different  by  uors  than  2  grancT    The  iaportaat  part  of  this 

.cti-ity  is  to  crlticelly  enaninTp^esibl.  faetbre  that  lead  to  dioorepeocloi 

State;,    *>**e  r>ossible  factors  below. 


MOO  12V 


14.    If  you  oki  enaver  the  following  problem  correctly,  you  aro  beginning 
tc  understand   ho  prloclplee  of  buoyancy.    The  euewere  to  tlM  probleew  Aro  oa- 
ths last  p«|t. 

A.  Find  th«  daaelty  (in  lbs. /ft.3)  of  a  block  of  woo*  *hich  la  3  ft.  x  2  fc. 
x  1  ft.  and  weighs  27.3  Iba. 

B.  Find  tha  apaclf lc  gravity  of  a-place  of  ataal  3  cm.  x  2  cm.  a  10  cm.  If 
It  weighs  560  g.    Tha  daaelty  of  water  la  1  g.  par  cc. 

C.  A  block  of  lea  baa  a  dameity  of  57.2  lba. /ft.3.   What  percentage  of  lta 
roluat  would  bt  below  water?   Water  density  la  62.4  lbs. /ft.3. 

laforaatlon  for  activity  15 

Deneity  of  Various  Sollda  at  Kooa  Teapereture  la  Powode/ewblc  feat 

Ppuaee/coblc  foot 

-  53-54 

-  35 
-14-16 

-  13* 

-  79 

-  69-13 

-  30-35 

-  32-44 

-  95 

-  67 

Density  of  Various  Liquids  at  Prescribed  Teaperaturee 


Substance   — - 

 lr  Gutter  -  -  

2  Charcoal  (oak)  

3  Cork  -  -  - 

A .  Sock  Salt  

5.  Gelatin-  -  -   

6.  Ebony  Mood  -   

7.  Cs4ar  Wood   

8.  Birch  Wood   

9.  Starch  ,  

10.  lea  Id-  


UoMi  Pomade/cubic  foot 

1.  Alcohol,  tMOiyl  (20°C)  49^4 

2.  Gasoline  (0°C)    41.0-43 

3.  Mercury  (  )°C)   849.0 

4.  Sea  Watar  (15°C)  •    -  -  -  ~  63.9? 

15.    Using  the  preceding  t 3b lee  complete  the  following  table  by  writing 
I  (float)  or  S  (sink) .    Aeewwt  each  solid  subateace  Is  la  a  block  fan 
1  ft.  x  1  ft.  x  1  ft.   Tha  ft  rat  exaaple  la  completed, 


Soil? 

A. 

Butttr 

*. 

Charcoal  (oak) 

^ork 

n. 

Ca  -t** 

•* 
•  • 

lock  Sell 

"f 

9 

Ebony  Word 

C*Jar  Hood 

i. 

B'  rch  Word 

* 

•  • 

starch 

r. 

Ualn 

Alcohol  CafoMns 

Z3ZI  _J  


tnawert  for  ictiwlty  .4:    A.    4.35  lbe/ft3;     1.    9.33  g/em3|     C.  911 
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MOD  130    Stimuli  and  Responses 
Def ininj  operationally 

OBJEITIVES: 

1.  Having  studied  the  pages  of  thi*  MOD,  yoti  will  be  able  to  discuss 

»       factors  involved  in  plant  growth  -  cell  elongation,  auxins  terminal 
buds,,  axillary  buds,  and  Internodes. 

2.  Having    tudied  the  pages  of  this  MOD,  and  having  completed  the 
experiment,  you  will  be  able  to  discuss  relationship  that  exists 
between  cell  elongation,  gravity,  and  auxin  concentration  in  seems  and 
roots* 

3.  Having  completed  Jjie^xj^rimeivtr  you^^         able  to  show  the  in- 
____^r^ietOT^^tlT^"gern/.nated  seed  with  roots  And  stems  and  point  out  the 

position  of  the  seed  during  any  one  part  of  the  growth  period. 

4.  Having  completed  the  experiment,  you  will  be  able  to  tell  approximately 
the  ^amount  of  stem  or  root  elongation  during  any  one  position  time, 
without  having  measured  the  parts  durii.0  the  actual  growing  period. 

Optional: 

5.  After  designing  an  experiment  to  show  that  plant  stems  grow  toward  a 
light  source,  you  ^ill  be  able  to  explain  how  light  affects  auxin  dis- 
tribution in  a  stem.  fc 

NSTRUCTIONAL  REFERENCES  &  MATERIALS : 

1.  This  MOD,  pp.  2-5 

2.  SAPA    102,  Plants  in  Light 
.  3.    General  botany  references 

4.  Materials  in  the  MOD  tra> 

5.  SCIS,  Environments  Teacher's  Guide, "Plant  Responses  to  Light". 


FINAL  ASSESSMENT: 

See  objectives  above. 
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PROCZDURtf: 

Central  Tnforaat:on 

Plants,  whan  growing,  sand  thalr  a tana  up  and  their  roota  down.    Anavara  or 
explanations  of  "why"  they  grow  thia  way  are  not  aa  clear  aa  they  night  be. 
Plant  stcas  and  roota  accoapllah  growth ,  after  certain  developmental  atagea9 
priaarlly  by  call  elongation.    For  eiceeple,  If  you  were  to  exaaln*  a  growing 
bean  plant  and  to  aeaeure  the  dlatanca  on  a  a  tarn  between  ln£er  >odea  and  then 
to  aeaaure  the  a ana  part  of  the  plant  again  the  next  week  you  would  find  that 
the  dlatanca  between  the  lnternodee  increaaed.    The  net  reeult,  of  courae, 
would  be  that  the  plant  Increaaed  la  height.    The  elongation  between  the  Inter* 
nodes  or  growth  occurred,  not  because  the  plant  placed  aore  calls  bt tween  the 
lnternodes,  but  because  the  plant  elongated  the  cells  that  were  already  there. 
This  Is  shown  In  the  following  dlagrsa. 


i — ? 


Both  ataaa  have  the  e*ae 
nuabat  of  calls.    The  calls 
In  A  are  r  iller  than  thoaa 
iu  B.    Stea  B  Is  longer  than 
stem  A.    Growth  takea  place 
by  elongation  of  calls. 


/ 


B 


Growth  rate  or  cell  elongation  rate  In  plants  Is  controlled  by  growth 
regulators  called  plant  hormones  or  auxins.    The  precise  nanner . In  which 
auxins  work  is  not  known.    There  are  aeveral  theorlea  which  propoae  coap lice ted 
aeclianlsms.    However,  one  a^aunptlon  can  be  made  and  uaed  to  explain  partially 
why  ateaa  grow  up  and  roots  grow  down. 

Aa  for  aany  checlcal  react lone,  accept  that  the  aore  chealcal  the  aore  or 
fas:er  the  Influence  on  a  aechaVia.    Similarly,  the  aore  auxin  a  cell  recelvee 
the  faater  it  atould  elongate. 

Look  at  the  above  drawing  to  notice  tfcat  both  drawinge  of  the  portion  of  the 
stea  are  atralght.    Thla  type  of  atralght  growth  la  poaalble  only  If  all  the 
cells  In  the  stea  elongated  at  "he  eaaa  rate  and  to  the  saw  degree.    If  they 
do  lot    the  a tern  would  vend  to  one  aide  or  the  other  aa  shown  below. 

Cells  on  bottom  elongated^  more 
cause  the  stea  to  bend  upward 

(diagram,  is  upside  down) 


MOD  130 


ERJC 

hriiniiiffnrriiTiaii 


146  > 


If  .:ou  measure  tie  length  of  the^elle,  you  would  find  that  the  cells  on  the 
convex  (upper)  sir  face  ere  longer  than  thoe*  on  the  concave  (lover)  surface. 
Thit  showfi  tUt  the  longer  cells  received  sore  auxin  than  dftt  the  shorter  cells 

during  the  growth  period. 

With  a  scientific  habit  of  inquiry,  by  now  you  should  hare  considered  the 
question  ,fWhy  or  how  did  soma  cells  get  more  auxins?"    Try  to  figure  out  an 
answer  before  you  read  further  in  this  MOD.  . 


"stems" 


Tou  may  have  an  idea  that  light  and/or  gravity  coul£  be  Influencing  factors 
Light  could  influence  stems  t  but  what  about  roots  which  are  underground 
and  are  not  usually  exposed  to  light.    How  could  gravity  affect  the'distri- 
butlon  or  .concentration  of  auxins  in  different  parts  of  the  plant?    KSowing  # 
where  auxin  is  produced  and  how  It  is  transported  helps  to  answer  this 
question.  < 

If  you  examine  a  stem  of  a  plant  you  find  that 'there  are  buds  located  at  , 
tev?ral  places  on  the  bcaoctr.    Each  tip  of  a  branch  has  a  terminal'  bud.  Buds, 
£  2  also  found  in  the  axli  of  each  leaf  where  the  petiole  (»<.em)  of  '^he  leaf 
attaches  to  the  branch.    It  is  the  terminal  bud  that  $lays  a  leading  role  it 
plant  growth.    First,  the  bud  produces  the  cells  that  form  the  branch,  and 
then  it  produces  substanefs  that  control  the  growth  or  elongation  of  cells. 
In  roots  there  are  no  true  buds,  but  the  tip  of  the  root  or  the  tips  of  thp 
root  branches  serve  to  produce  new  cells  by  cell  division  and  to  regulate  cell 
elongation  by  secreting  growth  regulating  chemicals.    The  following  diagram** 
illustrate  the  growth  of  branches  and  roots. 


Terminal  Bud 


Cell  Elongation 
Zone 


Leaf 


 Auxiliary  **vd 

Cell 

Elongation 
Zone 


•J  Cell 
/  Elongation 
r*  Zone 

j  Area  of 

*<T  Ce 


Terminal  Bud 
f  (Bnbryo  Leaves) 

Cell  Division  Area  of  Bud 
(Auxin  production  area) 


~     Branch  Cell 

Elongation  Zone 


Cell  Division 
and  Auxin  TIP  OP  BRANCH 

Formation 
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Apply  the  f^llpwirg  rules  to  the  tips  (buds)  of  the  main  branch  of  the  root 
sod  s:*ou    tf  auxins  are  pr&duc.ed  evenly  by  all  parts  of  the  buds  and  if  these 
auxin  i  are  Jistrlt-uted  evenly  downwards  in  the  stem  and  upwards  in  the  root, 
than  all  cells  should  receive  approximately  equal  amounts  of  the  auxins. 
Assume  that  gravity  effects  ttfe  movement  ot  the*  auxins,  then  gravity  helps 
to  mbve  auxins  down  in  the  stfem  and  hinders  auxin  movement  in  the  soots r  If 
the  stems  ar^  not  directed  straight  up  then  gravity  will  not  serve  as  a  means 
for  helping  or  hindering  th4  movement  of  the  auxins  equally  in  all  parts  of 
the  stem.    The  following  illustration  demonstrates  this  principle. 


'  Pull  of 
Gravitv 


Equal 
Auxin 
Concentration 


Iiower  Auxin 
Concentration 


/ 


Higher  Auxin 
Concentration 

Parts  of  the  stem  which  have  the  highest  auxitw concentrations  should  have  the 
most  rapid  stem  elongation.    In  drawings  B  and  C  the  stems  would  bend  upward 
from  the  rip,  that  is,  stena  tend  tc  grow  up  or  straight  in  opposition  to  the 
force  of  gravity. 

The  same  principle  can  be        led  to  root  growth,  but  it  Is  necessary  to 
stipulate  one  addit.o —  *  variable.    Cell  elongation  In  roots  requires  very  low 
conc#ntrati6na  of  aux.,,  r"  —  ^  — ^    —  — ™,id       described  as  * 
growing  "up,"  rather  *Jvin 
actually  inhibit  root  cell 
#  these  priue'  les* 


optimal  grovth,  or  roots  would  be  described  aa 
■"    Concentrations  higher  than  optimal  would 
:onRw-  -:n,    The  fc.llowing  diagrams  illustrate 


Lower  Auxin  Concentration 


Pull  of  vr- 
Gravity  v- 


Higher  Auxin 
C  ncentration 


Equal  Auxin  Concentratif »n 
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Act!  i  flies 
ft 

Have  four   jeeds  1  n  f_qu  r  cups — two  experimental   (rotated)  and  two  control  (not 
rota  ed). 

Obtain  a  mung  bea  i  seed  trom  the  MOO  trav.    Geminate  between  wet  paper  towel.4- 
in  a  hinfe  inch  cu  ture  vessel,  cover  the  vessel  to  retain  moisture.    A  seed  should  be; 
selected  that  has  a  root  not  more  than  1  cm,  long.    See  diagram  below.    Observe  ~\ 
the  seed  to  note  that  basically  It  consists  of  two  parts,    the  bean  seed  proper  T 
contains  two  cotyledons  attached  to  a  short  stem  area  and  an  elongated  root. 
Note  where  the  root  begitis  at  the  bend  about  \  cm.  from  the  seed  itself.  Make 
an  iak  mark  with  a  ball  point  pen  at  the  bend  so  that  later  you  can  tell  where 
the  Iteia  ends  and  the  root  begins.    Do  not  let  the  germinated  seed  dry  out. 
Keep  it  between  two/wet  towels  while  you  are  preparing  the  styrofoam  cup  and  v> 
vermjLcullte.  * 


,    ,  Cotyledons   !  ___         Root  * 

2.    Obtain  r  styrofoam  cup  and  fill  it  one-half  full  of k moist  vermicullte.    Do  - 
thij  by  placing  the  cup  cm        sic 3-  and  filling  it  one-half  full  of  vermicullte.  1 

side  view 


With  your  fingers  or  a  wooden  blade  press  the  vermicullte  to  a  medium  firmness. 

3.  1  Place  the  germinated  seed  on  the  vermicullte  so  the  seed  part  is  in  front 
and  the  root  points  to  the  bottom  of  the  <jup« 


\U  


4.  |r  Cover  the  germinated  i»eed  with  vermicullte  by  carefully  filling  the  reat 
of  the  cup.    Preaa  £inn. 

<  j 

i  1  ) 

5.  Place  a  piece  of  <?r.<*».  rap  over  the  open  end  of  the  cup  and  put  a  rubber 
band  around  the  cup  ju  He  \  *  the  saran  rap  in  place 

6*i  When  you  complete  these  nrapa  acioits,  this  is  zero  hour.  Place  the  cup  In 
aijy  position  except  th?  normal  uprf»ht  position  for  a  period  of  24  hours.^ 

.    After  24  hours  change  the  positic*  of  the  cup  by  90°  in  anjr  direction.  , 
Change  the  position  of  the  cup  until  it  has  been  in  5  position*  foe  a  period 
of  2'»  hours  ir.  each  position. 

Cnution:      ,         rotation  of  the  cup  in  position  so  that  the  tame  side  of  th* 

cyji  :.a  up  ill  u     time  la  not  an  adequate  change  of  position. 

8t    idfter  the  5th  position  remove  the  seedling  from  the  vermicullte.  Place 

it  in  a  br'.y  foo*  jar  containing  50%  alcohol  and  present  to  your  instructor 
during  yuur  evaluation.    lo  not  let  the  seedling  dry  out. 
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MO; » 1 3 1    ,ife  Cycles  (SCIS) 

Observing,  communicating,  defining  operationally 

1.    Given  the  film  loops: 

a.  ESS,  Prog  Egg  I,  First  Cell  Division  to  Early  Neural  Fold? 

b.  ESS,  Frog  Egg  II,  Development  of  the  Body  Regions; 

e.    ESS,  Frog  Egg  III,  Continued  Development  to  Hatching; 
d.    And  the  flltttPevelopaent  and  Differentiation; 
you  will  be  able  to  define  operationally  the  various  stages  of  frog 
egg  development  that  are  pointed  out  on  the  film  loop  boxes. 
J.    You  will  make  day  by  day  observations  of  the  stages  of  development 
Trom  frog  eg?s  to  tadpoles. 

3.  You  vlll  keep  a  daily  record  of  changes  seen  in  frog  embryology  In 
size,  shape,  form  and  activity. 

4.  You  viil  design  your  own  format  for  recording  observations  and  data. 

5.  You  will  be  abl*  to  apply  the  following  concepts  to  everyday  situations 
other  than  the  examples  in  this  MOD. 

a.  growth  e.  development 

b.  life  cycle  f.  genetic  identity 

c.  "generation  g.  bio tic  potential 

d.  plant  and  animal  h.  metamorphosis 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SCIS,  Life  Cyclea.  Teacher's  Guide 

2.  In  the  MOD  tray ;  FUmloop,   Frog  Egg  I  , 

3.  In  the  MOD  tray,  Filrcloop,  Frog  Egg  TI  fA]  1  filmloops  \  ^  Resource  Center) 
*•*  In  the  MOD  tray,  Filmloop,   Frog  Egg  III 

5.  ESS,  Eggs  and  Tadpoles, _ Teacher's  Guide 

6.  teneral  biology  references  giving  information  oti  frog  eabT?-  .ogy 

7.  Aquariua  with  developing  frog  eggs,  hand  lens,  microscope 

FINAL  ASSESSMENT: 

1.  On  the  film  loops  '      soared  to  recognize  the  various  otages  of 
frog  development  th.it  a:«  pointed  out  on  the  film  loop  boxes. 

2.  Pvesent  yuur  -r-orded  oo^rvati  ^ns  end  data  to  the  lnstryctor  and 
be  r«dy  to  discuss  y^ur  data.  c  * 

3.  See  pbjective  5. 
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PROCKURE: 


1     View  film  loopi  Frog  Eyjt.  I.  II  i  and  III  on  frog  development  and  study 
the  etaget  of  frog  egg  development  that  are  pointed  out  on  the  film 
loop  boxes. 

2.  View  the  film  Development  end  Differentiation, 

3.  Read  SCIS,  Life  Cycles,  Teacher fe  Quids,  "Frogs,"  pp.  50-54. 

4.  Observe  the  stages  of  development  from  frog  eggs  to  tadpoles  by  making 
day  to  day  observations.    Keep  a  daily  record  cf  changes  of  the  develop- 

1   ment  la  frog  embryolcjy  in  size,  shape,  form,  and  activity.    Use  meaning- 
ful, descriptive  terms  in  your  recorded  data. 
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MOO    3  J  Thi-  Chemistry  of  Lif?  -  Self   Instructional  Mo  tule 


ISMEP 


OBJE<  T1VES 

1.  Interpret  and  correciiy  use  these  terms:    organic  compound,  polymer, 
polymerization,  covalent  bond,  u>ydroR?n  bond,  ionic  bond,  isomer, 

/       polar,  r on-polar,  hydrophobic ,  hydrop  illic 4  functional  group,  acid , 
'       base ,  condensation,  hydrolysis . 

2.  Describe  and  identify  the  kinds  of- chemical  bonds  most  often  found  in 
biological  molecules. 

3.  Given  diagrams  of  two  molecules,  state  whether  th^y  are  isomers. 

4.  Identify  anc  sketch  these  four  functional  groups,  and  briefly  outline 
the  chemical  behavior  of  each:     carbonyl,  carboxyl,  amino,  hydroxyl. 

5.  State  the  nuTr:n:r  uf  bonds  usually  arranged  arour  1  the  nucleus  of  each 
of  ttie  : 3 1 loving  ntoms  as  they  occur  in  biological  molecules:     C,  H, 
0,  N,  P,  S. 

6.  Given  a  diagram  of  a  molecule,  state  whether  it  is  likely  to  dissolve 
in  water  and  wh\ . 

Illustrate  and  identify  a  hydrolysis  and  a  condensation  reaction,  and 
explain    how  these  reactions  are  related  to  polymerization. 

»  V. 

*S~RUCTIONAL  REFERENCES  AND  MATERIALS : 

1.  *    This  MOD 

/        2.     General  Biologv  references  on  chemistry  of  lite. 
j  3.     Biulogy  Media  instructional  materials. 

4.     Singer  Caramate.  ^ 

FINAL  ASSESSMENT:  '* 

J.     fee  objectives  above. 

2.  IV  pr-'p.r^j        discuss  the  que*  !  iun&  listed  at  the  end  of  this  MOD. 
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IXTP 5D-CTI0N: 

/i 

Cells  are  so  tin    Lk=it  their  working  parts  can  be  nothing  but  molecules.  These 
mole:ules  are  bu  it  or  n  few  ^c-u.tui^    'W.e^ts  t>   t  are  combined  according  to  i 
few  simple  rules    to  give  a  few  typ£s  ol  conpoi.r  !s.     If  you  learn  these  elements, 
rules,  anc  compoands,  you  will  have  solid  base  for  exploring  the  life  of  the  cell. 
The  objectives  on  the  previous  page  sunmarize  the  essential  points  you  should 
master. 


OUTLINE: 

I.  Introduction 

1.  early  beliefs 

2.  organic  chei\stry  and  biochemistry 
3-     composition  of  the  cell 

4.     major  classes  of  compounds 
II.     Main  concepts  of  biological  cherrif^try 

1.  carben  backbone? 

2.  polymer  structure 

)l  S      atoms  from  characteristic  numbers  of  bonds 
a.-  carbon 


b.  oxygen 

c.  hydrogen 

d.  nitrogen 

e .  phosphorus 

f.  sulfur 

4.  arrangement  of  atoms  in  molecule  i3  important 

a.  sugar  isomers 

b.  mirror-image  isomers 

c.  diagramming  structures 

5.  kinds  of  chemical  bonds 
a.     covalent  hones 


6.     functional  groups 

a.  general  description 
L .     carbonyl  g~nup 

c.  amino  group 

1)  structure 

2)  accepts  protons 

d.  rarboxyl  group 
^  *  structure 


e.  pi  osphate  group 

f.  hvdroxyl  group 

1      structure  and  function 
2,     hydrol  'sis  reaction 
K     conden  nation  reaction 


1)  electrons 

2)  three-dimensional  structure 


1)  vii.  ,le  bonds 

2)  douDie  oo~ds 


Honates  protons 
imino  acid 


oV  ■  r 


ondensdtion  and  hydrolysis  rear tioi|f- 


III.  Review 
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The  Chemistry  ef  Life 


®     It  was  once  believed  that  living  things  were  inbued  with  a  kind  of  "vi- 
tal force"  *.hich  made  them  alive.    It  does  seem  that  the  chemical  activity  of  H- 
vinc  systems  1s  mysteriously  more  complex  and  diverse  than  that  of  non-living  sys- 
tems.   It  *as  thQuqht  that  certain  chemicals— "organic  ccrpounds"  such  as  sizars 
could  only  be  produced  by  living  organisms. 

O     In  1*26,  Friedrich  Vohler,  a  German  chcrtlst,  succeeded  1n  making  an  or- 
ganic cc-r-:jnd  in  the  laboratory,  without  any  help  from  the  vital  force.    ©  The 
compound  he  *v  Resized  was  urea— a  simple  molecule  containing  carbon,  hyd-ogen.  ni- 
tre *  :ri  o>y:en.    Wohler's  discovery  opened  the  door  to  the  study  of  the  Cnenist^v 
;f  living  c    .  -lSis.    We  can  learn  much  about  the  structure  and  function  of  organisms 
by  study, <z  t'   '  '  chemistry. 

©  other  organic  chemicals  which  stymied  the  chemists  of  V.'Mer's 

time  are  cc-rru~ds  which  contain  carbon.  Organic  chemistry  is  the  study  of  carbc- 
compound:.  Ci-rn*  stry  is  the  study  of  the  chemical  reactions  which  occur  in  li- 
ving orrmisrs-^CTt  of  these  reactions  involve  organic  cor^ojnds  This  rod/.e  ojt- 
Mnes  several  general,  basic  principles  of  organic  chemistry,  and  also  a  little  bio- 
chemistry. In  ordP"  to  understand  this  module,  you  should  have  sore  backorour.d  in 
basic  ^organic  chc^.stry.  You  sv  uld  have  sone  faniRiafity  with  the  structure  of 
atoms  and  simple  cfeenica\  reactions.  Most  biology  textscontain  review  chapters  on 
chemistry,  if  you  think  ycj  necc*  tr    -"sh  up. 

®     The  chemistry  of  life  on  earth  Is  the  chemistry  of  water  and  carbon.  The 
average  cell  ttfibout  701  water  and  ?CS  other  substances.    ©  Of  these  substances. 
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551  a*e  carbor -containing  compounds.   There  are  four  major  types  of  large  organic 
rolecules  and  about  ICO  different  types  of  wall  organic  molecules  1n  a  cell.  (The 
regaining  5X  of  the  "othet  substances"  are  mainly  minerals,  such  as  salt.) 

(b)  As  1  said  earlier*  the  large  organic  molecules  can  be  grouped  Into  four 
rjjcr  classes';  these  were  shown  on  the  title  slide  for  this  module— carbohydrates, 
lipis*,  proteins  and  nucleic  adds,    !  would  like  to  use  these  molecules  to  Illu- 
strate six  major  concepts  of  biological  chemistry.    ®  Here  Is  a  list  of  these 
cc%c??ts;  you  needn't  write  the*  down  at  this  point;  I  just  want  you  to  know  where 
w:  are  headed. 


Qjy    1.    First--The  basic  structure  of  most  organic  molecules  1s  a  cfiain  of 
zl~zc\  ato^s.  ^      can  say  that  such  a  molecule  possesses  a  czrli.  'UcVbone"  or 
"skeleton".    This  is  a  carbohydrate  molecule.    It  is  starch,  s.cr,  iz  ve  might  find 
-in  j  cctato.    Its  structure  1s  basically  a  repeating  chain  of  sj%r  rings  which  are 
c.-r  sed  mainly  cf  carbon.    ^S)    In  Ir.e  backbone  of  the  protein  r.o^tcule,  carpon 
z\*:~*  ates  witn  rr,  tr~c&n--NCC,NCC,  etc.  . 

@    2.    The  second  -;.1nt  I  would  lifce  to  make  may  al-e3dy  be  apparent  to  you. 
lcs:  organic  nlecw'es  are  repeating  chains  of  smaller,  simpler  building  blocks. 
7".  stc»cn  rok-cu>  is  a  chs.r  *r~~  icier.iiqal  suqar  nolecules.    Qj)    The  subunlts  of 
t^c  nucleic  acid  ~-!ecule  are  a  bit  r>re  complex,  but  the  molecule  is  nevertheless 
a  crain  of  the  co-ilex  subjnit:.    VL>    i  molecule  which  is  t>uiU  of  similar,  reoea- 
f.rg  subunits  is  called  a  "p:1r-;r"-- \  *ord  uhich  comes  from  "poly"— "many*  and 
--er"— "part";    "rryM  "pa-.:*  .    £;^/K,  r.ycldc  acids,  and  proteins  are  polymers. 
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©   Tie  process  of  making  poly-jrs  is  called  "polymerization-.   We  will  hive  i 
bit  more  to  say  about  polymerization  Uter. 

(l^).  3.   Here's  the  third  point:   Carbon  and  the  other  atoms  found  In  organic 
*molecul2S  each  form  characteristic  nunbers  of  chemical  bonds  with  other  atoms,  de- 
pending on  the  electron  structure  of  the  ctc-ns  involved. 

The  other  elements-besides  carbon-ire  rainly  oxygen,  nUroqon,,  hydrogen, 
phosphorus  and  sulfur.  .  ®   Carbon  cha-acteristically  forms  four  bonds  with  other 
ator?.    ©    It  possesses  four  electrons  in  its  outer  orbital,  tne  orbital  which 
interacts  with  other' atoms.   The  carbon  atcrn  r.eeds  eight  electrons  to  conplete  this 
-  .Itel,    ®    It  shares  electrons  w<th  other  ttor.s  to  complete  its  set  of  eight. 
Suffice  it  to  s»y  th»t  because  of  its  electronic  structure,  the  carter,  atom  usu- 
ally forms  four  bonds  with  other  ?toms.  , 

©    The  four  bonds  formed  by  the  cart-on  atcm  ere  directed  in  trace  toward 
the  four  corrers  of  an  imaginary  tetrahedron,  a  sort  of  four-ccrr.e-cd  pyramid. 
.  This  can  be  seen  in  a  model,  with  a  black  ball  representing  the  cc-ben  nucleus  and. 
spring-,,  representing  bonds,  directed  tetrahedrally.    (?!).'  This  is  i  rqdel  of  a 
sugar  unbuilt  of  starch.    On  a  flit  piece  of  paper,  it  1s  difficult  ta  she*  tl.tl 
three-dimensional  structure.   Try  to  icep  in  mind  that  diaqr^N  «.f  -alecules  are" 
distortions  of  reality.  ^ 

@    In  organic  molecules,  oxygen  afms  tend  to  for:  v    --.ds-»s  seei  1n 
the  starch  molecule.  ©    and  ir  ttff  crotein.  where  an  oxyc\v:-  4s  cor.-.ectes 
:c  a  carbon  by  a  aouble  bond.    ®    Hydrogen  can  form  *-st'^C/:*d  ..ith  only  cms 
other  atom.    @   Nitrogen  tends  to  form  three  bpnds.  (Af/l '-.c'.phorus  forms  five 
bond;,  by-.-*  Urge,  and  @  sulfur.  Hke  oxygen,  fon.s  t  -  truss.    Ve  will  return 
to  chemical  bonds  ".  ;  moment.  _ , 
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4.    Th  ■  properties'bf  an  organic  molecule  droend  not  only  on  the  relative 
r„-t,ers  of  atoms  *ft  the  molecule,  but  also  on  the  specific  arrangement  of  the  atoms. 
r?-  irstance,  these  two  sugars  have  the  same  formula-  C6H1206--but  their  structures 
are  deferent;   rote  the  OH  group  on  the  left-,-1t  points  downward  1n  the  glucose 
rolecule  and  upward  1n  the  galactose  molecule.    This  slight  difference  In  structure 
cues  the  two  co-pounds  completely  different  properties.    They  are  different  1n 
rating  point,  sweetness*  and  serve  different  functions  in  the  metabolism  of  the  cell 
4ci)  Molecules         glucose  and  galactose  which  have  the  same  chemical  formula  but 
<^,f*erfcnt  structures  are  called ;1somers. 

^)    Even  t*o  -V.eci-les  V  :ch  are  mirror  images  of  each  other,  ,Hke  right  and 
«ft-nand?d  gloves,  c--  v  we  very  different  properties  from  the  point  of  view  of  the 
cell.    These  mfrrc*"-1     :     lecules  are  also  isomers. 

Thus,  the  errat-      \  cf  atoms  in  a  molecule  1s  important.    In  fact,  many  reac- 
tions in  the  cell  a-  r,\  -; r>gen:erts.    The  fact  that  the  arrangement  of  atoms  in  a 
rolecule  makes  a  oifftrc-:.-  ~akes  it  necessary  to  draw  out  structural  formulas 
>        c*scuss1ng  -?st  cc-r;jr.ds. 


Qj)    S.    w-.at  k^nds  c'  chemical  bonds  are  found  1n  organic  molecules?  !n 
-:st  orcanic  mol?cules,  rest  at^rs  are  held  together  by  the  sharing  of  electrons, 
<P  In  the  long  hv:r  -nz    chair  at  one        of  this  fatty  add— a  kind  of  lipid— 
-st  cs-bor  atcTs  s-are  fo---  electron  *ith  four  other  atoms,  carbons  and  hy- 

c'-rcens.    Cach  car!::*  atom  *Kzr*%        four  outer  electrons  and  four'  electrons  <rom 
it:  -visors-giving  it  eujrt  outer  orbital  electrons,  a  complete  set.    This  sharing 
c--  t.-:trons  holds  tr?  ctoms  together.    ©   A  bond  resulting  from  electron  sharing 
*,  cared  j  "cova^ct  bcrd".    The  bonds  we  have  looked  at 'so  far  r#>ult  from  sharing 

©    Sometimes  two  atorc  «jra  h«ld  te- 


<*  e!ec:rerc--tv.ey  are  single  bonds. 
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qether  by  two  pairs  of  electrons;  this  .forms  another  kind  of  covaTent  bond— a  double 
bond.    Most  bqnds  In  organic  molecules  are  covalent  bonds. 

••(^   In  a  bond  between  two  carbon  >tcms ,  the  electrons  are  shared  more-or-1es$ 
evenly  between  the  two  carbons,    @)    In  a  bond  between  two  different  kinds  of 
atoms*'  say,  between  carbon  and  oxyoen—  sometimes  the  electrons  are  unevenly  shared. 
So-e  Sterns  sicply  attract  electrons  more  strongly  than  others.    The  tendency  of  an 
•ton?  to  draw  electron  is  cavied  "electronegativity".   Oxygen  cttracts  electrons  more 
stifongly  than  carbon.    Oxygen  1s  more  electronegative  than  cercon. 


In  a  molecule,  the  more  electronegative  atoms  pull  the  electrons  toward 
t    —  c  >e$\  away  from  t4.e  other  atms.#  for  instance.  1n  this  section  of  a  nucleic 
z  -Tolec-le,  the  nit'Cjcs  atc^  ccts  to  use  the  electrons  more  often  than  Its  neig*> 


.-ing  hydrogen.    NU-or,en  1s  norc  electronegative  than  hydrooen.    k2)   Sfnce  the 
nitrogen  hogs  the  nr'gatively-charo.d  electrons,  this  p*rt  of  the  molecule  has  a 
slight  negative  charge.    Kore  inno^tcntly ,  in  this  case,  the  r.ydrogen  Is  left  with 
a  sliqht  positive  Ozrcz.   This  part  of  the  molecule- -the  K  a-.d  the  K*-*tS  said  to 
be  "polar";    1t-hjs  a  positive  and  -^t've  pblt.    @)   Ths  sl'.chtly  positive  hy- 
drogen may  b^  attracted  to  a  pari  c?  -  r?lecule  with  a  sliest  relative  charge,  for 


instance,  this  hi 
a  "hydrogen  bend" 
the  average  cc. . 

locicel  rolec,::.'s 


■'y  electror.cvtv/e  oxygen  atom.   This  attrition  1s  called 

LyJroaen  bs~£s  «  ^  relatively  weak— ctcut  7/16  as  strorg  as 
:*,t  bed--* 'j\  *v.*y  *re  very  Import- ni  ir.        structure  of  bio- 


particularly  p-^tr    *     *J  nucleic  acics. 
($])    Pc^r'iv  anci  tvd-ogen  bonJt.*.*  c-e  a^sc  related  tf        solubility  of  mo- 
lecules— :h'*  »  '.:s  of  substances  in  w>(i:w  they  will  r-  i..i:<        dissolve.  We'll 
tal*-  aocut  si/jbll  »ty  for  a  no^nt,  then  return  iz  .i-z.r?. 

::;:r    tlccules  are  ;:1ar:  tu.c-y  hydros?  ."i  witr  cr  *  cr,other.  Otner 
ccV-  or  :•           I'icules,    CD  K'.c  -~ea  for  irstance,  t  \~  wat*r  tscauss 
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they  fH  in  with  the  water  molecules;  the  water  rrolecules  can  hydrogen-bond  with 
the  urea  molecules.    I  should  point  out  here  that  the  urea  molecules  do  not  fall 
apart  when  they  dissolve  iff  water;  theynnerely  mix  with  water.   Many  students  get 
the  mistaken  Idea  that  dissolving  means  faWnc  apart.   When  one  substance  is  not 
disrupted.    The  molecules  mlx-^tfiey  intemincU*. 

Unlike  urea,  lipid  molecules  are  ron-polar;  the  lipid  molecules  do  not  j 
contain  long  hydrocarbon  rhalns  in  which  the  carbon  and  hydrogen  atoms  share  elec-  j 
trons  more-or-less  evenly.    The  lipid  molec^es  cannot  form  hydrogen  bonds  with  the 
water  molecules  and  thus  cannot  dissolve  in  water.    Oils  and  fats  are  lipids.  They 
d  ;  no-polar.    It's  an  old  maxim  that  oil  and  water  do  not  mix.    However,  oil  and 


casoline  fornix.    Gasoline,  like  oil,  consists  of  ncr.-polar  molecules.  i'A  gen- 

eral rule  is:  "Like  dissolves  like".  Polar  compounds  dissolve  in  (folar  compounds. 
Non-polar  solutes  dissolve  non-polar  solvents. 

There  is  some  terminology  that  goes  along  with  polarity  and  solubility  that 
you  shw  Id  get.    @)    Polar  substances,  such  as  salts,  urea,  and  si^rs,  \.^ich  dis- 
solve in  water,  are  so'netir.es  called  "hyj-ohric"  compounds.   Hydrcpf^lic  reens 
"likes  water".    Non-polar  substances  like  fcts,  waxes,  and  oils,  which  do  rot  mix 

with  water,  are  called  n*yt.  ,phobic"t  wl^icl-i  ^t;ns  "afraid  of  water". 
(*7 


O.K.,  back  tc  chemical  bonds  in  orc:r.1c  molecules.   Sc-    i  .  s  atoms  are 

so  electroneqatne  (or  electropositive)  that  they  \f\  not  share  elcctrc-s  at  all. 

Lut  since  they  e  ther  have  an  excess  or  short?^e  of  e'ectrons,  the:;  i.to-ns  are 

charged  or  ionized.    (This  diagram,  for  1n:tance,  shows  part  of  c  prctt-ir.  molecule 

•r  which  a  nsgat  vely  charged  group  is  attracted  to  a  positively  cl.:rg;3  ore.) 
•48) 

Such  an  attraction  between  1on*xed  groups  is  called  an  io.*'-c  :r -electrostatic 
»ond.  'vurary  ;o  what  you  may  have  learned  in  ir.wrcinic  ch-^.rtry,  in  organic  iro- 
ecules,  iort j ^     *ds  are  zbirjt  as  strong  as  convalent  bonds.    Il"1c  L;;nds  are  found 
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In  many  organic  r.olecules.  but  they  are  not  nearly  a$  ecnw  or  Important  as  con- 
valent  and  hydrogen  bonds. 


©   6':   Now  our  s'xth  and  Mnal  point:   You  nay  have  noticed  that  certain 
Groupings  of  ato-s  occur  again  and  again  In  organic  molecules.    ©   The  OH  group, 
for  *rsta%e,  Is  seen  in  botn  carbohydrates  ar.d  nucleic  adds.  Similarly, 
the  C-double  tond-0  «"d  t*e  Nn2  g-ovo  are  quUe-tr.-ron.    <3)    A  group  of 

'Ik*  thevf,K2  group  has  m.ch  the  s:ne  properties  whenever  U  1s  found.  Pe- 
res'involved  In  certain  kinds  of  c-  ical  reactions.  ^  It  serves  a  certain  function 
.molecules;   such  a  group  is  calK.      Clonal  group".    <8>   The  HH,  group.  Is 
called  the  a.lno  group.   Another  ffcn:i*..  ,1  croup  Is  the  C-double  bond-0  or  c.rbonyl 
group.  OH  group  is  calle,  ts  •  'roxyl  group.   The  COOH  group  Is  the  car- 

•boxyl  gro-.    ©   The  phosphcte  or  vhcsp  c-ie  acid  group  1s  sometimes  considered  a 
functional  ceo.    ©   The  hyd-oca-tr.n  c^-,  1,  relatively  non-reactive;    It  Is  not 
considers  •  '.-.ctipral  grc.e.    Tv-e  ere  r;-.y  other  'unctio^l  groups  which  needn't 
.concern  yr»  r.  .-p, 

©    Lit  s  oH.fly  loo"  st  •  *  functsc-cl  qrnups  ore  at  a  tine,    first  the  car- 
bony   -0.7.    The  tl.ct.-i-  aaVv-  oryren  o*  t  ;=  carbonyl  group  r.akes  this  group,  ex- 
trc.  1  •  r^r.    ".ole:ules  with  r.-  numbers  o-  u-con-l  crou,s  usually 

dics.lve  1r  •  ©    >.e  carton/  e*yo:,  often  hydro >n  bends  with  th<  hydrogen 

- /  0f  *        .1  or  anino  groups.  c 

•  _.)    -  •  ci':tront3»tivc  nitre--  of  t-  wno  group  hogs  electrons,  leaving 
i  •*      „;t   aartia'  .-tltne  i-ur-.i.    Thus,  the  a-nino  gro-»o  is  polsr.  Also. 

.':tr4s:  •  e  nitron  at  a-,  for  ucetrer.s  also  explains  why  the  hydrogens  of 

the  anino  ,         -     .  ifW  S»«  ■  ■  -     ^  "^t1ve  partS  °f  0ther  rroWeS* 
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In  fact,  tht  nitroaen  atom  of  the  amino  group  1$  s<3  electronegative 
thct,  under  the  proper  conditions.  It  can  actually  attract  a  positively  charged 
.  i-rocen  atom,  or  proton,  from  its-surroundirgs.   This  gives  the  amino  group  a 


ret  rasitlve  charge;   the  amino  group  has  become\^oni  zed.    k})    A  molecule  or 

:f  -v.1  group  which  attracts  hydrogen  1ons  1s  sal}i  to  be  "basic".  Such  a  com- 
r;-  j  -is  a  base.    A  bar.p  is  defined  as  ifo  H+jor  oroton  acceptor*   The  amino  g  oup 

*^  t*nc,    it  accepts  prctcr.3. 

The  carboxyi  oro.^P  on  the  othtr  hand,  is  acidic.    It  donatss  protons. 
~'.c  C'  ^De-kwied  oxygen  a't  —  cts  electrons  so  strongly  t^at  it  even  pulls  electrons 
•,  '      >he  other  o*vhC-,.    ;-£  other  oxvcn,  with  its  reduced  negattvc  charge,  can 
■.:  \i"    -  .'aid  onto  itr  t\  :-or,ci  aton.  The  carboxyl  group  donates  a  hydrogen 

•icn  cr    thus  acts  as  an  acid . 

The  amino' acid  is  a  co-ron  bic^cteal  r.olecule  v/hich  ve  can  use  to  illu- 
strate v.e  ionization  of  a-in^        C3rLox/l  q~  jps.    Under  the  prorcr  conditions  the 
^.di-c  c  i^bcxyl  group  of        r-.r.o  acio  c£'i  donate  a  proton,  while  tie  basic  amino 
c rz-j'j  cczepts  one.    The  i?  *c  *  ::d  can  hav-  3  s&lit  personality;    1t  can  be  at  the 
:^-e  t      an  acid  and  2  w    ■;.  tmt  it  cc~  i    r.-it»vely  charged  at  one  end  and  *ega- 
: ivcl>  cHarged  at  tkc  c:r,-. 

^2)  Another  ac'd-_  -  '-?ort;»'t  *n  biological  "H)lwil^s  is  t.'-e  phosphate 
trt^.  ,  It  is  siMls*"        -  *Ser*Te*  to  phrs-.mc  acid.    The  couble-i .  .vded  oxygen- 

;^  ::KDrus  ator.s  ut.  t  r  ~*  str  rn.ly.  >'s  *n  tr«*  crbivyl  v*oupt  the  other 
(  y*;-  1  z  1esr  atfJc  tr,  -  *o  or.tu  its  r/drc^C'ir  "he  hydrogen  i'. .  is  easily  dona* 

ted.  the  phosr'-tc   rc-p  i:ts  as  en  cci  ..    \J)    If.  1 :  t>r  •*    . ;>hute  groups 

hich  ~"ve  nucleic  i:.d",  H»  1  RNA  and  JNA,  If  01  r  acidlL         .  1.  s. 

VV'    The  r"i  c  \*  :?/  e/oup  has  var>  r:  prape-tic,    .  .crcl'C  r-~'  *r«&  s*tu* 
iticn.         '       xyl        :•  scoffs  u-u,'  :  -.c  scme*1r,;«  Lets  ir,  i  r;-w-or-l«ss  nan- 
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polar  way.  It  1s  found  1n  many  tfinds  or  organft  molecules,  but  it.  1s  particularly 
characteristic  of  sugars  and  alcohols.   The  hydroxyl  group  1s  ofter  Involved  1n  re- 


actions which  form  a  bridge  between  two  molecules.  For  1r stance,  an  OH  group 

on  ooe/iaolecule  can  react  with  a  carboxyl  group  1n  another  molecule,  forming  a  bond 
between  the  nolecules.   A  molecule  of  water  1s  fomed  as  a  by-prcd-jct.    ©  Since 
water  is  formed  In  this  reaction,  it  1s  called  a  condensatior  reaction.   Kany  reac- 
tions wt  ich  form  polymers  are  condensation  reactions.  JJucleic  acids  a-e  held 
t*r;eV«   *y  condensations  between  OH  groups  on  suglrs  and  carboxyls  on  phosphate 

gr^rs.  „  * 

(§)  .The  opposite  of  a  condensation  reaction  is  called  a  hydrolysis  reaction, 
"iter  is  a  reactant  in  the  hydrolysis.  ©  Hydrolysis  results  in  the  breaking  up 
of  polymers. 

Although  many  condensation  and  hydrolysis  reactions  involve  OH  grcups, 
c:Ker  kinds  of  hydrolysis  and  condensation  reactions  are  possible,  involving  other 
f»  nct<onal  groups.    f<?r  example,  the  carboxyl  and  amino  qro-jns  of  arvlrio  acids  join 
together  in  co*tder<*tion  reactions  to  forn  protein  chains.  In  your  stomach 

tr.i  small  intestine,  digestive  juices  \vdr©1yze  yotr  food  dc^.  to  a-iwo  acids*  which 
are  abs>rbed  irto  your  olcxis4 -earn. 


Let'*  briefly  review  the  major  concepts  discussed  ir.  tnis  nodule: 
Organic  chemistry  is  the  chemnt-y  of  carbon.    Most  molecules  in 
livino  organises  are  based  on  carben  backbones. 

\J)  biological  molecules  are  polymers.    Each  atom  in  a  irojccule  fc—s 

a  character!  stc  nu'       -f  '.ne^'cal  bonds  with  other  atoms*    M:st  of  these  bonis  ire 
covalert,  but  hydroge*.  bonding  1s  also  important.    Some  bonds  are  ionic.   The  specific 
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errangement  of  atoms. -as  *ell  as  relative  numbers  of  atoms,  are  Important  to  the  ehe- 
nleal  properties  of  organic  molecules.  > 

@   Polar  molecules  dissolve  1n  polar  solvents;   non-polar  molecules  dissolve 
n  non-polar  solvents..  Certain  functional  groups,  found  repeatedly  In  meny  kinds 
of  molecules,  display  characteristic  chemical  properties,  such  as  polarity  or  addle 
,»r  basic  cnaractir.    Sore  of  these  functional  groups  react  to  link  molecules  toge- 

r* 

ther;   i  ccmon  reaction  of  this  type  1s  the  condensation  reaction. 

If  you  want  to  review  any  nf  these  corcects  In  more  detail,  most  biology  text- 
o-.,  contain  chapters  on  chenlstry.    If  you  want  to  delve  deeper,  youiaay  *rish  to 
lock  In  an  organic  chenistry  or  biochemist"  tbook. 

1    ®  The  chemistry  of  life  1s  complkcv.  .v.d  fascinating,  but  no  longer 
cc-plrtely  usurious.   The  concepts  outlir.-.j  w  this  module  should  help  you  to 
tetter  understand  the  chemical  structure  and  ;  rouses  of  living  things. 
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gyESTIDNS 

1.    Which  of  these  molecules  Is  not  a  polymer?  Explain. 

NH» 

00 


0 


(°   CW  on  0M,.JH,  "X     ^      CAM  WW  '  j 


3. 
4. 


Show  how  this  "pyrophosphJ   • '  group  micht  attach  to  the  pnosphate 
group  of  molecule  b.   in  question  #1.   (Hint:     This  is  a  condensation 
reaction.)  ?. 


OH 


If  the  bond  foiled  in  #2  uere  broken,  what  would  the  reaction  be  called? 

Nine  arc  briefly  describe  the  three  main  kinds  of  chemical  bonds  roost 
cJten  seen  in  tiological  molecules. 


0  ' 


5.  It entif>  the  kinds  of  bonds  Indicated  by  the  arrows  In  the 

f<.l]owlr.g  molecules:        V-  >•*  H   H    /P  n 

Kv  -A  u  tii  fit 

0  to 

6.  Viich  of  these  molecules  Is  .e  •  *.  likely  t<->  dissolve  in  water?  Why? 

mo  H   M  tf   I*  t4       ,       H  M  H  hi  /JN  ^ 

-  JNj-c- /      foac- c-  c-c- o.-'.  (<>  H-d-c-i-c-Cs0M  (a)  ch,oh 

^  -sOH  ^   i4   ^    h   i  *  H.  *  4  5 

7.  Which  of  thes\e  pairs  of  molecules  represent'  isomers? 


8.    Identify  the  functional  groups  circled  below. 
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MOD  I?}    Crowing  Things 

Measuring,  interpreting  data 

OBJI  CT1VES: 


1.  Given  t      necessary  materials,  you  will  be  able  to: 

a.  prepare  five  pots  with  soil: 

b.  plant  30  barley  seeds  so  they  will  germinate  and  grow; 

c.  care  for  the  growing  barley  seedlings  for  a  period  of  14 
days  after  the  seedlings  emerge  from  tne  soil. 

2.  After  the  barley  seedlings  are  abou\  jne  inch  high,  ycu  will  make 
da,ilv  measurements  of  the  length  of  at  least     *  seedlings. 

1.    After  marking  the  node  where  3eavp<?  emerge,  you  will  be  able  to 

measure  the  daily  growth  or  elongation  rate  of  the  first  three  leaves 
produced  by  each  of  15  plants  of  ycur  choice, 

4.  You  will  determine  the  average  daily  growth  rate  of  each  of  the 
45  leaves  you  are  measuring. 

5.  You  will  attempt  to  correlate  daily  weather  conditions  of  sunlight, 
temperature,  etc  with  the  growth  of  the  leaves. 

In  your  experimentation  you  will  devise  a  method  of  vour  choice  by 
which  you  identify  each  of  the  15  seedlings  you  are  measuring. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  S^.S,  Life  Cycles,  Teacher's  Guide 

2.  ESS,  Growing  Seeds,  Teacher's  Guide 

3.  ESS,  Life  of  Peas  and  Beans,  Teacher's  Guide 

4.  3APA  55,  Sprouting  Seeds. 

5.  Plastic  pots,  soil>  barley  seeds,  metric  ruler,  marking  pen 
FINAL  ASSESSMENT: 

1.  Demonstrate*  by  showing  the  instructor  the  barley  plants,  that  you 
have  been  able  v:  prow  barley  plant*  for  14  days  or  more. 

2.  Present  your  date        the  instructor  In  a  meaningful  form. 

3.  Be  ready  to  libcass  the  data  and  defend  references  you  have  made 
regarding  t!i  ^ 
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1.  Obtain  from  the  MOD  tray  fi*c  plantic  pots  and  prepare  them  for  the  planting 
of  th»i\barley  seeds. 

2.  After  placing  the  soli  IntQ  the  pct%  tad  desired  amounts  of  water  and  In 
each  pot  place  5  to  8  seeds  about  h  Inch  b^lov  the  surface  of  the  soli. 

3.  Cover  the  pots  with  Saran  Wrap  and  place  f-ieai  on  the  flourescent  lightstand. 

4.  Remove  the  Saran  Wrap  when  the  seedlings  emerge  from  the  soil. 

5.  Add  water  as  you  feel  more  water  is  needed.    Refer  to  the  Instructional 
references  for  proper  vate-ing  techniques. 

6.  After  the  seedlings  are  about  1  inch  high,  do  the  following  measurements 
for  the  next  14  days. 

\.    Find  the  node  on  the  plant  where  the  leaves  begin  -  a  nlace  where  the 
^af  completely  encircles  the  stem.    Place  a  felt-tip  pen  mark  at  this 
ocation  and  measure  the  distance  from  this  point  to  the  top  tip  of  the 
leaf . 

b.  Do  this  for  the  other  two  leaves  of  the  same  plant  as  they  emerge. 

c.  Measure  and  record  in  millimeters  the  length  of  the  leaves.  How 
can  ynu  determine  where  the  elongation  takes  place?  . 

d.  Record  your  data  for  15  plants  in  a  table  fora  of  your  own  design. 
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OBJECTIVES : 


After  completing  this  MOD,  you  will  be  able  to: 

1.  name  the  five  «?rages  of  roll  division  in  the  process  called  mitosia; 

2.  name  the  parts  of  the  cell  as  shcvn  on  the  following  pages; 

3.  manipulate  two  pairs  of  cbromoson^s  bv  showing  their  position  in  * 
ceils  during  the  various  stages  of  Tresis; 

4.  discuss  how  the  mechanis*    of  division  allows  each  daughter  cell  to 
be  genetically  identical  to  the  parent  cell; 

5.  visualize  chromosome  structure  in  a  cell  and  understand  the 
relationship  of  chromosome  structure  zc  the  gene  concept. 

INSTRUCTIONAL  REFEREES  0  MATERIALS: 

1.  Self  Instructional  Module  rhejCel l__C'_yc le ,  Mi tosis  and  Cell  Division 

2.  T  is  MOD,  pp.  2-6 

3.  Denoy^r-Geppert  Mitosis  Mcde*= 
Mitosis  wail  churn 

Various   ii^Loty7  te^ts  de«=c^ibin;;  t Me  mitotic  process 
t.     Material;  on  mitooir  in  the  MUD  tray 


FIX/L  ASStSSMENT: 


1.  See  objectives  1,  2,  4,  and  5. 

2.  Demonstrate  your  achievement  cf 
i:\  the  8  cell  ^e^Dranes  as  they 


objective  3  by  placing  the  chromosomes 
arnM-  duri  &  the  mitotic  process. 


J 
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2R0CEDURE: 

General  Information 

That  cells  only  come  from  existing  ceils       a  true  statement*    With  the 
exception  of  bacteria  and  blue-green  slgae,  the  process  by  which  new  cells 
are  formed  from  existing  cells  is  caller  mitosis.    It  is  a  vary  precise  process 
vhlch  insures  that  new  cells  are  identical  to  parent  cells  in  all  Important 
details*    More  specifically,  the  mitotic  process  is  primarily  concerned  with 
an  equal  division  of  the  genetic  material  of  a  cell  so  that  each  new  cell 
will  have  an  accurate  and  full  complement  of  genetic  material  or  genes*  The 
genetic  material  (sense)  of  a  cell  controls  the  makeup  and  function  of  new 
cells  formed* 

Structural  Characteristics  of  Genetic  Material 

Before  understanding  how  the  genetic  material  is  equally  distributed  in  the 
mitotic  process,  ycu  should  understand  the  structural  characteristics  of 
genetic  materials.     *n  ev^ry  cell  -there  are  structural  entities  called 
'  itoTatir  bodies.    Examining  a  cell  under  a  microscope  reveals  certain  cell 
-arts;    '-ell  membrane,  nuclear  membrane,  cytoplasm,  nucleoplasm,  cytoplasmic 
inclusions,  and  nucleoplasmic  inclusions.    This  xs  a  labeled  drawing  of  the 
parts  of  a  cell . • 


-  CentxoDOtne 

ttucleoplasma 
~!Tiiclear  ilembrane 

:?ucieoplaamic 
Inclusions  (Chromatin) 


ERIC 


When  a  cell  diviues,  a^-urne     </:  the  cvtorlasn  and  many  of  the  cytoplasmic 
inclusions  are  r^r.-mt^  avc  ef  nil*-'  distributed  between  the  two  daughter 
cells.    These  cytoplis"!.  -or*- i.**  vunts  tnay  be  unequally  distributed  because 
the  daughter  cei     "  n  ^vocveo  .«    t  of  ^he  cytoplasmic  constituents*  An 
exception  to  th^s  relates  to  the  c^ntrioles.    Each  cell  has  two  centrioles 
Located  in  the  cytoplasm*    Th#.  rollowing  cla^ra©  shows  their  structure. 


Centrosome 


\\»**'       "    ""  Centrales 


1  .  . 


.Tucleis 


/    "  —    Chromatin  Bodies 

'  ^   'uclear  .tonbrane 

—  .  Cytoplaom 
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lote  that  the  two  centriolc-  ere  hollow,  elongate  rods  enclosed  In  a  membrane 
tac.    The  entire  structure  '«uf:  plus  centrloles)  Is  called  the  cent  rem  ome  and 

s  always  on  the  outside  n^i  the  ruclear  -aembran'i.    Because  each  cell  has 
only  tvo  centrioles,  it  is  necessary  that  they  are  duplicated  before  cell 
division  and  that  two  centricley  are  ?.acei  in  each  new  daughter  cell* 

The  genetic  material  (controlling  material)  of  the  cell  is  located  in  the 
nucleus.    It  is  important  that  each  dau?V?r  cell  receive  a  full  complement 
of  these  materials.    A  new  cell  would  die  or  be  impaired  if  it  lacked  genetic 
material,  for  it  could  not  carry  out  all  the  necessary  functions  of  a  cell. 
Therefore,  it  is  very  important  that  the  call  has  a  precise  method  for 
duplication  and  distribution  of  its  genetic  materia).    The  genetic  materials 
are  the  chromatin  bodies  seen  in  the  nucleus*    Their  precise  method  of 
duplication  is  the  nitotic  method. 

Nature  of  Genetic  Zlaterial 

In  order  to  understand  the  mitotic  method  it  is  important  to  understand  the 
nafure  cf  the  genetic  material.    In  the  diagram,  chromatin  bodies  appear  as 
suiall  granule-like  ?wruc"  res.    They  3eem  to  appear  as  discrete  and  independent 
\  dies,  but  this  is  not  the  case.    Assume  you  have  a  long  chin  thread  so 
-  -mI j.  you  can  not  see  it.    Although  it  may  be  quite  long,  you  can  not  see  it 
because  it  is  so  thin.    It  does  not  affect  light  enough  to  cause  a  sensation 
In  the  eye.     If  diagrammed,  it  would  look  like  this. 


In  the  drawing  c^c    -In  tl»r«ad-iikr.  structure  generally  appears  straight 
or  non-tangled.  -    ^  *r.read  ia  compesed  of  chemicAl  substances  arranged  like 
beads  on  a  string.    TV-     '"*s  'of  beads  (chemical  molecules)  used  in  making 
the  thread- like  struct-       --r^ine  the  characteristic?  of  any  of  its  parts, 
A  particular  part  ?f  the  tr.rs^d-Iike  structure,  depending  on  its  chemical 
make-up,  has  a  particular  function  in  the  cell.    If  you  relate  the  structure 
of  any  part  with  ?  particular  :v-ction  in  the  cell,  then  you  can  call  that 
segment  of  the  thread  a  gene. 

Iv?  v  organ :sn  has  a  particular  set  of  genes.    Tie  human  is  composed  of 
thou*,.        >e  cells.    Each  cell  in  its  nucleus  has  a  full  complement  of  genetic 
*ater*als.  ^  -^n  cell  has  46  invisible  threeds.    There  are  two  of  *acr, 

kind,  or  a  +  udl  of  23  pairs.     If  you  car.  visualize  each  of  these  23  kin*  3 
of  threads  divided  into  hundreds  of  thousands  of  different  segments  on  t.;e 
ba8l°  of  uhciical  composition,  then  you  understand  why  the  human  has 
app? uximatei  1  one  million  genes.  i 
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Jhromatin  Bociies  or  Granules 

Understanding  the  nature  or  genetic  materials  is  necessary  to  understand 
chromatin  bodies  or  granules.    These  are  segments  of  genetic  materials  sesa 
in  a  cell.    Even  if  magnified  under  the  microscope,  the  thread-like  structure* 
are  Invisible  to  the  naked  eye  if  tb^-sre  straight.    Uowever,  assume  some 
parts  are  not  straight  and  visualize  the  thread-like  structure  as  Illustrated, 


rhe  areas  vhere  the  thread  is  clumped  (tangled  or  colled  like  a  spring)  provide 
enough  density  or  mass  in  one  area  so  it  can  be  seen  if  magnified  by  the 
aiicroscope.    These  areas  in  the  nucleus  are  called  chromatin  bodies  or 
chromatin  granules.    Any  cell  not  dividing  will  9hov  chromatin  granules. 
Remember  many  of  the  granules  are  connected  to  each  other  by  a  fine  thread 
which  is  too  thin  to  be  seen. 

nromatin  Thread  Duplication 
Genetic  material  of  the  parent  cell  is  equally  divided  between  two  new  cells 
formed  in  the  mitotic  process.    It  is  a  twofold  process.    First,  before 
mitosis  can  give  each  new  cell  a  full  complement  of  genetic  materials,  the  cell 
must  duplicate  all  that  genetic  material.    Second,  a  cell  must  equally  divide 
all  its  thread-like  structures  into  equal  halves.    All  the  chromatin  threads 
are  different,  except  the  paired  threads,  and  each  cell  must  receive  one  pair 
ot  each  kind.    If  these  chromatin  threads  are  long,  why  Is  It  that  they  do  not 
sec-ne  tangled  and  knotted  and  break  when  they  are  separated  into  two  groups? 

To  understand  why  they  do  not  break,  recall  the  process  of  chromatin  thread 
duplication.    Visualise  these  threads  as  long,  thin  strands  of  a  bead-lixe 
structure  as  indicated. 


Each  be*d  represencs  a  pat  tic  ^ar  set  of  chemicals  which  are  in  a  precise 
arrangement.    Chromosome  ^unlication  take3  place  through  lengthwise  division, 
a  process  possibly  beginning  ac  ore  end,    This  may  be  represented  as  follows. 

"V"  Attached 

!)apM«     ;  *         Ur.-durlicated    S^CA  %^fh%%%^i  Si8tei 

Areas  Areas  Chromatids 

The  tvo  straids  or  threads  formed  f»««n  one  original  strand  remain  together 
as  ^.c  unit  ;or  the  initial  stages  of  mitosis.    At  this  stage  the  chromatin 
thieac  conslits  of  two  sister  chromatids.    For  example,  consider  a  cell  that 
has  6  ahromtin  threads".    These  are^paired  which  means  therr  are  only  three 
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kinda  of  chromatin  threads  \l  of  each  pair  tinea  J  kinda  equals  6).  During 
tiitoaia,  each  of  the  chromatin  threads  duplicatea  ltaelf  to  make  a  total  of 
12  threada.    Remember  that  the  aiater  chromatida  atick  together,  although  each 
ia  a  complete  chromatin  thread.    In  these  12  threada  there  arc  four  of  each 
kind  and  three  kinda  of  chromatin  threada  (4  of  each  kind  times  3  kinds  equals 
12). 

Chromosomes 

If  the  chromatin  threads  remained  long  and  thin  during  the  mitotic  process, 
they  would  be  difficult  to  separate  into  two  equal  and  identical  groupa. 
During  the  mitotic  process  chromatin  threada  change  their  ehape.    Thie  ia  done 
by  a  process  called  coiling.    The  diagram  shows  ^he  coiling  process. 

y    u  v 

Before  changing  shape  Coiled 

long  and  thin  short  end  thick 

"nc  chromatin  thread  in  its  colled  form  is  short,  thick,  end  easily  seen 
under  a  microscope.    The  chromatin  threads  in  the  proceaa  of  colling  *r«. 
called  chromosomes.    The  colling  process  is  such  that  a  chromosome  is  formed 
;hat  has  a  particular  shape  ar-i  form.    Each  celJ  has  2  sets  of  genetic 
uateriala;  therefore,  each  cell  will  have  2  of  each  kind  of  chromosome.  It 
La  only  during  mitosis  of  a  cell  that  the  chromoaomss  are  formed.    In  a  cell 
:hat  is  not  dividing  its  genetic  material  ia  in  lon£,  thin  threada  without  a 
specific  shape  or  form. 

The  Mitotic  Process 

Both  of  these  aspects  in  genetic  division  are  essential  in  the  process  oi 
mitosis.    One,  a  cell  that  divides  nust  make  an  extra  aet  of  genetic  materials 
to  give  each  nev  cell  a  full  complement.    Thus,  if  a  cell  has  a  total  of  6 
chromatin  threads;  then  Jt  has  to  make  6  more,  so  that  each  new  cell  haa  6. 
Two,  the  chroma ^n  triads  become  shoVt,  thick,  and  take  a  definite  shape  aa 
CilXOSO  SOTTAS  SO  >w  the*  -ell  can  effectively  and  equally  separate  the  genetic 
materials  lnt<*  two  halve 

3  36>  The  Cell  Cycle,  Mitosis  and  Cell  Division. 

View,  listed  and  study  ia  th^  A/T  carrel. 
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Useful  information  to  complete  these  activities: 

f 

1*    Some  cells  do  not  have  nuclear  membranes. 

2.  Note  that  some  chromosomes  are  glued  together  to  indicate  that  the 
genetic  material  has  been  duplicated.    The  chromatin-chromoaomes  should  be 
counted  as  two,  even  though  they  are  attached  to  each  other. 

3.  Assume  that  each  cell  at  interphase  has  4  chromatin  threads.  Each  one 
has  an  identical  twin,  meaning  that  the  cell  has  two  pairs. 

Activities: 

Given  the  following: 

a)  40  chromatin-chromosome  pieces  (red  and  black) 

b)  8  red  strings  for  cell  membranes 

c)  4  green  strings  for  nuclear  membranes 

d)  26  centriole  pieces  (blue) 


2,  Place  the  centrloles,  c^rcmatin-chroroosomea  p  and  nuclear  membranes  m 
each  cell  in  both  the  position  and  rhe  number  In  which  they  appear  in  the 
mitotic  process 
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Self  Inatrjrtion.l  MOD  for  MOD  13^  The  Cell  Cycle,  Mitosis,  and  Cell  Division 
OBJECTIVES: 

1.  Interpret  and  correctly  use  the  terms:    mitosis,  cytokinesis,  chromatin, 
chromosome,  chromatid,  prophase,  metaphase,  anaphase,  telophase,  inter- 
phase, S  phase,  centriole,  centromere,  spindle,  poles,  equator,  cell  plate, 
cleavage  furrow,  coenocytic. 

2.  Name  three  general  phases  of  the  cell  life  cycle  and  identify  the  chief 
event  that  occurs  in  each, 

3.  Contrast  th^  mechanism  of  cell  division  in  prokaryotes  versus  the 
mechanism  in  euk^ryotes. 

4.  Compare  segregation  of  hereditary  information  and  cytoplasmic  components 
between  daughter  cells.    Inscribe  the  significance  of  this  comparison. 

5.  Diagram  mitosis,  showing  the  processes  whJ.ch  occur  during  each  phase; 
and  describe  the  overall  result. 

6.  Describe  the  position  and /or  appearance  and  the  roles  of  the  following 
at  each  phase  of  the  cell  cycle:     chromosomes,  chromatids,  nucleus, 
nucleolus,  spindle,  centrioles. 

7.  Be  able  to  identify  diagrams  or  photographs  of  the  phases  of  mitosis. 
Compare  cytokinesis  in  plants *and  animals. 

9.    Describe  the  result  of  mitosis  without  cytokinesis,  given  an  example 
where  it  occurs,  and  name  the  resulting  condition. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  This  MOD 

2.  General  Biology  references  on  cell  cycle,  mitosis,  and  cell  division. 

3.  Biology  Media  instructional  materials 

4.  Singer  Caramate. 

FINAI  ASSESSMENT: 

t 

1.  See  objectives  above. 

2.  Be  prepared  to  discuss  the  questions  listed  <±t  the  end  of  this  MOD. 
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I NTT ODUCTiON: 


If  the  cell  is  the  simplest  unit  of  life,  it  is  also  the  simplest  unit  that  can 
reproduce  itself      The  complete  study  of  cellular  reproduction  demands  a  plunge 
into  the  realm  01  metabolism.    However,  with  i  background  in  cell  structure  you 
can  explore  the  visible,  structural  events  that  occur  as  a  cell  divides  or 
reproduces.    Knowledge  of  the  key  events  in  cell  division  will  be  useful  when 
more  sophisticated  questions  are  raised  about  reproduction.     The  following  objectives 
summarize  the  essential  points  you  should  master. 


OUTLINE: 


I.  Introduction 
II.    Cell  Cycle 

A.  Basic  processes 

Synthesis  and  growth 

2.  Segregation 

3.  Cleavage  ^ 

B.  Prokaryotic  cell  cycle 

1.  Description 

2.  T.me  required 

C.  Eukaryotic  cell  cycle 

1.  Time  required 

2.  Phases 

a.  G, 

b.  S 

c.  G 

d.  M2 

3.  Relative  length  of  phases 
III.    M  Phase  -  mitosis  and  cytokinesis 

A.  Two  main  processes 

1.  Mitosis 

2 .  Cytokinesis 

B.  Mitosis 

1.  Complex 

2.  Four  phases 
a  Prophase 

b .  Metaphase 

c .  anaphase  , 

d.  telophase 

3.  Piophase 

4.  Metaphase 

5.  Anaphase 

6.  Telophase 

IV.     Cn1  divison-cytokinesis 

A.  Hair*'  cell 

B.  Plan,  c^ll 

C.  Mitos:s  without  cy tokinesis-coenocy tic  tissues 
V.  Conclusior 

VI.     Q-:j.z  slid  s 
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0  The  Cel 1  Cycle.  Mitosis,  and  Cell  Division 

Livinq  organisms  do  not  form  spontaneously.    Cells  are  produced  only 
jby  the  division  of  previously  existing  cells.   This  observation  1s  a  fundamental 
Mfcct  of  life.-  The  process  which  maintains  the  cellular  structure  of  Ufa  1s  a 
continual,  repeating  cycle  of  cell  synthesis,  growth,  and  division  called  the  cell 
cycle.    In  this  module  we  will  examine  the  cell  cycle  in  detail. 

©     The  cell  cycle  consists  of  three  furdemental  processes: 
*  1#    Synthesis  and  nrowth—  This  1s  the,  product  ion  and  duplication  of  the 

chemicals  and  structures  of  the  cell. 

2.  Segreoat1ou~-thc  partitioning  of  cell  constituents  into  two  parcels, 
one  for  each  daughter  cell,  and 

3.  Cell  divisic'  or  cleavage— the  actual  spotting  of  the  mother  cell 
to  firm  two  daughter  cells. 

I-  general,  the  first  two  of  these  processes  take  uo  by  far  the  largest  part 
of  the  typical  cell  cycle. 

@     In  prokaryotes~b:cteria  and  blue-grtrn  algae— the  cell  cycle  1s  rela- 
tively simple.    A  newly-fcr      ctll  rouqhly  doubles  in  size.    The  ccr.etic  material  — 
^SA— is  exactly  duplicate,  c^ctlj  doubled.    This  is  the  growth  and  synthesis  phase. 
T-.-n  t^o  cell  pinches  in  K^'.f  in  the  nidclle,  rou-.hly  dividinq  the  cytoplasm  and 
dividing  the  DNA  exactly       :en  tne  t*'   daughter  cells.   This  accc-.plishes  segre- 
gction  and  cjeavage  an  TMs  v,-.olc  cycle  may  be  reneatefas  often  as 

ev^-y  20  minutes  in  E.  c:J  -  >  a  tec^-ium  co— :>nly  studied  by  biologists. 

&     In  eukaryotes,  tie  cell  cycle  is  r.jch  more  complex  and  sirjctured,  and 
it  jsually  takes  longer  than  in  prokaryotes. 
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The  processes  of  synthesis,  growth,  *     ,  rU-.'-^e  are  seen  in  eu- 

karyotcs,  but  more  specific  names  are  glvqn  to  t*e  \  r  -5  p\as*s  of  the  cell  cycle 
in  eufcaryotes. 

« 

0    The  whole  cycle  takes.,about  2C  hojrs  in     typical  eukaryotlc  cell; 
that  1s,  20  hours  from  the  formation  of  a  cell  by  division  until  this  cell  Itself 
divides. 

®    After  the  r«ll  is  formed,  it  qoes  through  a  period'  of  growth  and  syn-  / 
thesis,  Usting  about  8  hours.    During  this  time,  the  nucleus  and  cytoplasn  enlarg/, 
proteins,  carbohydrates  and  other  chemicals  are  synthesized,  and  organelles  sucr,  as 
mitochondria  antffclastids  reproduce  by  division.    This  pnase  of     e  cell  cycle  is 
called  the  G1  phase  or  first  growth  phase. 

®     The  G]  phase  is  followed  by  the  S  phase,  during  which  the  c/Vs  genetic 
information,  encoded  in  molecules  of  DNAW  1s  exactly  rcprcia:edf  or  "replicated." 
Each  enrc-osore  is  duplicated,  so  that  each  daughter  cell  will  receive  the  sate  in- 
terna t  lew  as  the  mother  cell.    The  S  phase  lasts  about  6  hours. 

Cl9    After  S  phase  comes  the  G2  phase,  when  the  cell  apparently  makes  final 
preparations  for  division.    The  G2  phase  is  not  v>ell  understood.    If  the  G2  phase 
Is  interrupted,  the  cell  will  not  divide,  even  tho-ih  organelles  and  DMA  h,  dou- 
bled.    Thus  the  G2  phase  is  necessary  for  division;  bat  v:e  do  not  yet  know  the 
reaso-:  wV\    "he  G2   pr«ase  lasts  about  5  ho«irs. 

5)    Firally,  cellular  ^arts  are  segretated  and -the  cell  divides  during  the 
y  phi      which  la-;ts  about  1  hour  in  most  eukaryotlc  cells. 

This,  cell  synthesis  ?nd  growth  occur  durinq  the  fij ,  S,  and  G2  i*h.:c:  of 
a  tyrica',  eel1-    TMs  period  is  som*tiro»s  calU    interphase,  because  it  is  tta  period 
betv-eer,  civisions.    Cell  components  are  split  up  and  the  cell  actually  dlvices  cjrlr.g 
the  M  phase.    ©   These  are  complex  processes,  so  let's  focus  on  the  M  phase  in 
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more  detail.  The  process  of  s?c*Cv.ation  of  the  hereditary  material  is  called  n1  tosls, 
and  division  of  the  mother  eel]  to  form  two  dauchter  cells  is  called  cytokinesis. 

Mitosis  Is  a  corrected  process.  The  sjrvlval  of.  both  daughter  cells  de- 
pends'on  them  getting  exactly  the  right  genetic  information.  To  sinplify  things,  mi- 
tosis his  been  divided  into  four  distinct  stag££--prophast\  metaphase,  anaphase,  and 


telophase,  Prophase  beginstwhen  the  threadlike  chronatin,  cor.DOsed  of 

DNA  a*d  protein,  begins  to  condense,  the  dark  nucleolus  within  the  nucleui  dis- 
appea  s.  Here  are  two  onion  root  tip  cells  in  early  prophase.  Tnis 

Is  a    ell  of  or.  early  whitefish  erbryo,  .called  a  blastula.    It  1s  also  in  early 
proph  ,se,. 

Oj)  As  the  chromosr.es  ancear,  they  are  seer,  to  be  double;  this  corre?^nds 
*.;.  t"?  c-plicat.on  of  the  he-ccitary  material  \.  i->  took  place  durinq  the  S  phase. 

•ch  ch^omosone  is  composed  o*  two  identical  c^j    '^s,  joined  at  a  constriction 
Ci^ed  the  c»ntro^rp.    At  crophase,  each  chrc  *  **     c:-^istj  of  2  chromatids . 

The  cells  of  each  craanisn  contain  .juristic  r\K  *ber  of.chromo- 

:s.  ra-;.ir.q  from  2  to  over  400  per  cell.    In  the  nir.ber  is  <6.    Dog  cells 

cent."!  n  73  chromosomes,  s%nir  cane  cells  80; 

tZ*    Lrter  in  crop^cc,  the  nuclear  envelope  brtJ  *  down  and  disperses.  It 

Cii) 

'  f  u"ht  tc  rove  out  irto  the  endoplasmic  rcticiTir,.  In  this  picture  of 

in  r   ;r*ceVi  the  nuclear  c^volcoe  and  nucleolus  h^ve  disappeared. 

C  *'    Ttere  are  two  rrrr  cf  centrioles  in  the  cells  of  an  enervates  except 
:  Durinq  prrphise  f.jsc  pairs  move  fo  osposUe  erd:  of  the  cell;  trese 

*  -  ?  >rc  T.Ti*  called  tne  p-'.A.    from  the  poles,  the  micrctjbyles  cf  l.ic  ?rjinijc 
.  -  -yj?  begin  to  form.        ,-,t  cells  lack  centrales,  but  nevertheless  poles  or.d 
^  rw".fc  eppear      rjch  :\.  :ir.e  way.    @)    This  slide  she  ,s  the  microtubules  devi - 
Up:*-  ^bc-jt  t  _  c.t-ul.s  :n  a  whitefis*  cell. 
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v\      r\  the  end  of  pophase,  the  ch^cnosomes  neve  to  the  equator  of  the  cell, 


c  z\  :         :y  Letwten  the  poles.    k3'    Here  are  late  prophase  in  an  onion  cell., 
and  ir  a  wmufish  cell. 

v^     At  notao'-ase,  the  chrcnosones  are  poised  at  the  equator.    The  nuclear 
envelc:e  *.s  cere,  and  the  spindle  is  fully  developed.    Microtubules  oT  th*  spindle 
are  attache"!  to  each  chroncsore  at  Us  centromere.    @)    This  electron  microqraph 


s^cw^  the  jittj-cV-ent  of  the  scindle  fibers  to  the  centro-nere.    k3    This  is  meta- 
phase  m  -r       Cn  ce'i.^C^nd  this  is  "vtaphase  in  a  whit^fuh  rMl.    ^P)  Finally, 
tnis  is  en  e'.rct-cn  ricrosraph  of  most  of  a  r-etephase  cell.    Note  the  spindle  exten- 
ding frcr<  tve  lc.tr  right  to  the  upper  left  ard  the  chro^somes  lired  cp  at  the 
e<*j*ter. 

*rl^    A^:~_:e  begins  when  the  c^-c-itid"*  cf  each  Jnr:rosorte  split  aoart; 
e?cn  cnrc-nsc-2  rVn ts  into  two  cf*rc  ati-s  and  thtii?  c/;--.atids  move  toward  the 
f.oles.    Tne  mcro tubules  of  the  spindle  have  scethirr  with  this  rrovenent, 

^ut        s  rot  clear  v^et^e**  the  "sicctub'.'les  oush  or  pjll  *  n^chrcnatic's.  $3"" 
:f  v :  nerevjt  jles  3Ct  r.erely  as  suites.    I -. z i Ccn nrSs^^s^afcrn  as  the  two  chro- 
--tia:  cf  the  origina1  double -stran^d  f:\-ostne  split  apart,  each  is  called  a 
cKr:-;-v,e.    Earh  is  a  chnnosc."e  cr  >r:cJ  of  a  Einrie  c  ,r;.ratid,  and  thu$#we  ccn 
say  *'       *  *t»;*%,;p  the  chrc~6r.c    1  r    . «  t'*/ *rd  ti  ■»  roVs. 

Mr  re  is.an  electron  ■  k  "-rrr»*.  of  t*.o  drr-.oscr:s  roving  tc/ard  the 
poles  *>  ani^acc.  s^dic  f:tc-s  c,  ;c-id  off  th"  picture  zt  the  tc:.  The 

chrc^^c^s  rovc  rather  slc^'v.  -  li  trey  uo  r  •'t  have  vu-y  rjr  to  go;  c-naphase 
ta*e$  c*:jt  i>  to  10  minutes. 

KtZ     Tnis  picture  sn^w:  :  an  ^rr.on  cell.    ^    Th,-  c/11  k  :m« 


]y  liter  c t " " >       j  '  ?  ^  r  s  e .  *  ** ~p^ase  ^ f  *  * fi  1  h  *  t  *  "ish 

cell  IodU  'ike  tms.  1 
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©  With  anaphase,  accurate  segregation  of  the  heredity  inf?va:.._-  has 
been  acc.  VMs^ed.  Usually  each  chromosome  is  copied  faithfully  durinq  S  phase, 
and  both  daughter  cells  receive  identical  information  IVi  anaphv*. 

©    In  the  fourth  and  final  stage  of  mitosis,  telophase,  two  dau^ter  nu- 
clei begin  to  form.    The  chromosomes  are  at  the  poles. the  spindle  diswr:ars,  and 
nuclear  envelopes  beqin  to  fom.    ©    The  chromosomes  unwind  to  form  tabled 
chromatin  doain,  and  nucleoli  appear  in  the  fenvng  nuclei.    Also  during  i^oshase. 
cell  division,  or  cvtokinesys,  begins.    Interestingly,  the  centrioies  ^pro.-jce 
dj-"uj  telo^ase— the  first  occurrence  necessary  for  the  next  mitosis. 

©    -?re  U  f-arly  telophase  >.  an  onion  cell.    @    This  is  a  oict^e  cf 

:  r i sh  cell  early  in  telophase.  • 
'Z"}    How  long  do  each  of  the  phases  of  mitosis  last?   Ketaphase  s^d  grease 
-y  rapidly.    Prophase  takes  about  2/3  of  the  time  requi^d  fcr  mitosis, 
c  ^0  minutes.    Telophase  accounts  for  about  1/3  of  mitosis,  or  about  20  m1r- 


'''J'    -ring  telophase,  the  cytoplasm  of  the  cell  begins  to  device.  7Ms 
ess  is  railed  cvjoMnesis.    Because  of  differerces  In  cell  stricture,  there 
era  differences  in  cytokinesis  between  plant  and  ani~al  rells. 

In  animals,  the  eel!  mer.brane  pinches  iv:ard  all  tu.£    ^    arrj-.d  tKe 
eel1 ,  jlr-st  as  if  the  ce> »  ;.c.e  a  ballon  which  is  being  sneezed  inward  tr  form  a 
■fcr   o'  groove,  cal  ed  the  clwyq:*  furrow.    ©    Actually,  tiny  protel-  laments 
ipc  do  tne  cell,  called  glcrcfjlg  jts.  pull  the  membrane  in  from  t»-s  ui;d3  to 
for-  t-e  furrow,    ©    The  cell  membrane  pinches  in  tighter  and  tighter.  iv.il 
i.:nfjally  there  is  just  a  tiny  bridge  of  cytoplasm  connecting  the  two  dauchter 
c  Vs.    ©    Finally,  whe  two  cells  ar?  pinched  apart. 
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43^    During  cytokinesis,  orgciclles,  molecules,  and  so  on  are  apportioned 
randomly  between  the  daughter  cells.    Each  daughter  get*;  whatever  1s  on  that  side 
when  cytokinesis  occurs.    Unlike  the  accurate,  structured  segregation  of  genetic 
information  which  takes  place  1n  mitosis,  segregation  o^  cytoplasmic  corponents  is 
random. 

The  pla*t  ceU  is  surrounded  by  a  rigid  cell  wall  which  cannot  just 
pir.c*  inward  like  on  an-,r,al  cell.  Ir.  tne  plant  cell,  t**y  rembranous  vesicles 
wk  ich  arp  crotably  cie-I\ed  *rc  tv.e  ER  line  up  at  tic  c^jator.    These  vesicles 

*  tn  fem  ihe  cell  plate,   which  eventually  st^etc*'.::  ell  the  way  across  the 
ceil,        ^    rinally,  the  vesicle*  fuse  ith  each  otr.?^  ?r.d  the  cell  membrane, 
z»i  c  cc*.    \,all  forrs  1n  the  space,  partitioning  off  :'    *  *  daughter  celis.  Again, 
or^cclV  and  molecules  in  the  cytoplasm  are  divided  i    »•  r  r-.ly.    @J    Here  is 
*Je  c'1  ri-"f  forming  ir  our  cr,ion  root  tip  ce^l. 

I-  see  organisrs  anJ  tissues,  mitoses  occurs  \  ithc  ;t  cytokinesis.  This 
"»y  re:j:i  i'  a  tissue  which  ccrtr.ir.s  rany  nuclei  (proJuCC-J  by  mitosis},  but  not 
pi^tit      d  by  rc-nbranes  into  serrate  cells.    This  is  called  a  coenocytic  tissue. 
T^.e  CO-""  ,  tic  condition  occurs  tn  such  orqanisr.s  as  the  sli^e  nold,  which  Is 
e:*:v.*clly  o^e  gigantic  cell,  chaining  many  nuclei.  The  muscles  in  our 

fcciics  zre  fcy-and-large  L^'orvtic,    This  muscle  tissue  contains  "any  very  lenq 
r„sc7c  f:.:rs,  with  dark- --.*ld  .v.c'..*  ^yinq  a*"  intervals  along  the  fibers. 

V:J.'  cell  cycle,  a*  cidlrss  process  of  synthesis,  g^owtn,  seqre"a:>on, 

t'i  cV.::,-:,  is  esse'Cial  tc     .  perpetuation  of  life.    It  beg*n  in  some  prini- 
t*v»  cell:  rc*"jp:  thr.e  .  i'l*r*  >2?rs  aqo,  and  h*s  continue  uninterrupted,  gen- 
p-c:  c~  arcc-  cererat        :c  fc    tk.c  cells  wiich  make  un  yojr  body.    In  your  bone 
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tissues  alone,  righ*  nw,  t:n  mllicn  cell  divisions  are  c-^urring  every  second. 
To  the  ceil,  and  to  the  organ-. sr,  cell  growth  ar^ivisior  ere  life  and  death  pro- 
cesses.   In  tne  game  of  life,  it's  double  cr  r.cthtng. 


This  c  ncludes  tie  tape,  brt  at  the  end  of  the  nodule  there  are  severa" 


quiz  slides  which  you  should  try.  Tor  each  slid',  n>r,e  the  phase  of  the  cell  cycle, 
process,  or  structure  inducted,  then  check  your  answer  t>  looking  at  the  next  slice. 


Curing  which  ohase(s)  o**  mitosis  would  you  expect  to  see  no 
vac  1 ear  membrane? 

Briefly  describe  one  difference  in  mitosis  between  plant  and 
ar.im.il  cells. 

Briefly  describe  one  difference  in  cytokinesis  between  plant 
and  a'iral  cells 

Identify  the  stages  of  mitosis  rep. esented  oy  the  following 
diagrams:  u  // 


a.     //'     ^  J  b.  i.- 

hi 


5.     What  is  the  differ -nee  between  "mitosis"  and  "cell  division" 

C.     v*r*r*c  wnat  phase  of  tre  ell  cycle  would  you  expect  D"fi 

p*l>r.era*»  (the  ersvm-  which     >  -thecizes  DNW)  to  be  mcst  active? 

7,     Luring      ich  stage  o°  mitosis  derts  segregation  of  genetic 
information  take  place? 

S.     Curing  wnlch  stn^e  of  mitosis  does  oCgregat<on  of  chloroplasts 
take  r lace? 

9.     A*,a.  tz  the  najor  difference  betweer.  ser  ^ogation  of  £Ct  ftic 
ir.for     V.c->  rvnd  segregation  of  *cy top] a?Mc  componc  -s 
bctwet u.  0  .or  c^lls? 

10.  During,  propr  ?e,  a  dividing  cell  contains  0.2  *\icro~rc.i  of 
D.\A,     How  much  DNA  to  contained  in  each  cau^ior  c*li  at  the 
*nd  of  uc^j^ase?    i.ow  mucn  D!IA  ic  cc^taine?  i~  each  daughter 
ceil  t.fter  t:,e  next  S  phase? 

11.  What  effect  would  an  inhibitor  of  microtubule  forrr,*ion  have 
on  mil  osis? 
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MOD   .'3  5    Cell  Division  and  Grovtn 

Observing,  pPedict     \   interpret  in&  data 

OBJECTIVES: 

1.  To  learn  to  identify  veast  ceil*. 

2.  To  comprehend  that  large  increases  iv  cell  populations  or  .ur 
rapid ly 

3.  To  quantitatively  follow  ceil  population  increases 

4.  To  determine  "doubling  time"  ii.  a  population  of  yeast  cells 

5.  To  graphically  illustrate  the  growth  curve  for  a  yeast  population 

INSTRUCTIONAL  REFERENCE?  AN";  MATERIALS: 

J.     ESS,  Srail  Things ,  Teacher's  Guide 

2.  Biology  -  An  Appreciation  of  Lile  in  Resource  Center 

3.  Dry  yeast,  microscope  slides,   ;evor  slips,   long   pipette,  quart  jars, 
f  -iMe .->;>» »on  ;*nd       Lea-^nor.     measures,  unsulfured  molas^e*3, 


>AL  ASSESSMENT: 

1.  See  objectives  above. 

2.  For  the  assessTr*_n_t  of  ohjt>rtwfs  3.  4.  and  5,  brine;  vour  worksheets 
and  c;raph  t«.-  civ  instructor  at  the  time  or  evaluation. 
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i NS MIXTIONS: 


This  MOD  consists  cf  several  parti  which  comprise  a  unit  on  cell  division  and 
cell  growth*     Tn^s  is  a  quantitat  l;j  MOD  designed  to  determine  how  much  growth 
has  taken  place,  bv  counting  the  nv-v^r  ~i  yeast  cell*?  on  consecutive  days  and 
vomparing  differences . 

ACTIVITIES: 

J.    About  12  hour*  jefore  you  pl«n  to  bepin  this  MOD,  make  up  the  following 
two   fixtures  on  page  122  of  "Small  Things1' . 

2.  Complete  the  ',f,si  *  _b*>c  "S^inl1  '."'n^s"  w^rksVet,  area  one,  Provided  in  the 
'Mi  t!>)  sheur    .  DO  NOT  WRITE  IN  THE  TL\CHER^S  GUIDE. 

3.  View  rhe  fi^l^op  ;;The  Budding  of  Vrast  Cells".  . 

4.  Complete  the  'Snail  Things  worksheet,  area  tw^    provided  in  the  MOD  tray.  • 
DO  NOT  WRITE  IN  THE  TEACHER yS  GUIDE.     Make  micros;  opc  counts  at  0,  6  hours, 
24  hours,  43  ^oars,  72  hours,  and  96  hour?. 

5.  Prepare  a  grcph  showing  the  growth  curve  ot  your  yeast  population. 
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INVESTIGATION  1  1 
Cell  Division  And  Growth 

YOUR  NAME: 

LOOKING  AT  YEAST  CELLS 
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SMALL  THiNGS  WORKSHEET 

AREA  ONE   Page  1 


Make  a  slide  using  a  small  drop  of  yeast  and  molasses 
mixture  and  a  cover  slip. 

Study  your  slide  and  find  the  yeast  cells.  Consult  the 
photograph. 

1.  What  does  a  yeast  cell  look  like?  . 


2.  Draw  a  picture  of  several  cells 


3.  How  can  you  tell  the  difference  between  a  yeast 
cell  and  a  small  air  bubble?  


4,  How  b  g  is  a  yeast  cell?  hw 

5.  How  does  a  yeast  cell  compare  in  size  with  a 
Paramecium?  


EXAMINING  YEAST  CELLS  THE  NEXT  DAY 

The  next  cij;  make  another  slide  of  the  yeast  and  molasses 
mixtur?  and  exar    p  »t 

1.  Do  you  notice  any  difference  in  the  size  of  the 
jells?  


2.  if  so,  are  the  cells  larger  or  sraller  than  before?. 
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SMALL  THINGS  WORKSHEET 

AREA  ONE  P«gt2 


3.  Is  there  a  difference  ;n  the  number  of  celts  in  a 
field?  

4.  If  you  think  there  is  a  change  in  the  number  of 
cells,  how  can  you  be  sure?  


PROBLEMS  ON  YEAST  CELLS 

Here  are  some  problems  to  solve  after  you  have  seen  the 
movie  The  Budding  of  Yeast  Cells.  You  have  seen  that 
yeast  cells  increase  in  number  by  dividing.  Thus  one  cell 
gives  rise  to  two,  two  ceils  give  rise  to  four,  four  to  eight, 
and  so  on. 

1.  Complete  the  table  below. 


Number  of 
Divisions 

v  

Start 

1  2 

3     4     5     6     7     8     9     10     11  12 

Number 
of  Cells 

1 

2  4 

8 

Suppose  you  have  a  culture  of  cells  which  has  just  divided. 
There  are  now  100  ce!!c 

2.  How  many  ceiis        there  before  they  divided?. 

Suppose  that  you  need  about  150  cells  for  an  experiment, 
and  that  you  now  have  onl j  10  ce!!s. 

3.  How  many  times  must  the  cells  divide  before 
yot  have  enough?  _  

4.  Do  you  think  onion  cells  and  skin  cells  increase 

in  number  as  yeast  cells  do  by  budding?  

Why  or  why  not?  


t 
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INVESTIGATION  11 
Coll  Division  And  Growth 

YOUR  NAME: 

HOW  RAPIDLY  DO  YEAST  CELLS  INCREASE  IN  NUMBER? 

To  find  out  how  rapidly  the  number  of  ypast  cells  increase 
in  a  mixture  of  yeast  and  molasses,  rr  <e  a  slide  with  a 
sample  from  a  fresh  mixture. 

"»  Why  is  it  Important  to  shake  or  stir  the  mixture 
of  yeast  and  molasses  before  taking  a 


AREA  TWO  Pag*  1 


samDle?_  

 .  J— 


Exai  ,ne  the  slide  through  the  microscope. 

2  How  many  yeast  cells  did  you  count  in  the  field?. 
3.  What  time  was  it  when  you  made  the  count?  


4.  If  your  microscoDe  has  more  than  one  eyepiece, 
which  one  did  you  use?  


5.  Which  objective  lens  d'd  you  use?  

6.  Why  must  you  use  the  same  lenses  each  time 
that  you  make  a  ::->'jnt?  


Now  move  the  slide  and  count  another  field  of  cells. 

7.  How  many  cells  did  you  count  this  time?  

8.  Why  is  it  important  to  count  more  than  one 

fieso   ♦  you*-  sample?  .  


9.  What  is  the  average  of  the  counts  you  have 
made  ?  


Use  your  answers  fc^the  above  questions  to  fill  in  the  first  column 
or  the  table  on  Worksheet.  Investigation  11,  Area  Two,  page  2. 

HOD  135 

ERIC  1S6 


-6- 

SMALL  THINGS  WORKSHEET 

AREA  TWO  PH«  2 


Your  class  may  decide  to  work  out  the  answer  to  the  last 
line  (class  average)  at  this  time  or  you  may  wish  to  wait 
until  the  rest  of  the  table  is  completed. 

10.  Why  might  you  want  to  discover  the  class 
average  for  each  count?  


Date  and  time  of  count 

i 
i 

i 

i  1 

T5.Tne  (in  hours)  since  count  1 

O 

No.  of  cells  in  first  field 

No.  of  cells  in  second  field 

A'-ferr'e  mmber  of  cells 

^ass  average 

i  i  i  w %»  i  ±J         »w •    j      mm'    » ■  ■     »   »  —  -   —  » 

make  another  slide  with  a  sample  of  the  same  mixture  of 
yesst  and  molasses.  Examine  the  slide  and  count  the  cells 
as  before.  Record  the  results  of  count  2  in  the  table  in  the 
spaces  provided.  The  next  day  make  a  third  count.  If  you 
wish,  you  may  also  make  a  fourth  count  a  day  later. 

11.  Look  at  your  table  and  see  if  you  can  figure  out 
how  many  times  the  cells  have  divided: 

Between  counts  1  and  2  


Between  courts  1  and  3_ 
Between  counts  1  and  4. 


12.  Estimate  how  long  it  took  for  each  division  to 
take  place  .  
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MOD  136    Collecting  and  Classifying  leaves 
Classifying 


This  MOD  is  designed  to  allow  you  to  apply  the  skill  you  have  developed 
in  classifying  in  earlier  MODs,  such  as  MODs  104  and  106,  in  a  useful 
way  to  objects  from  nature,  i.e.  leaves. 


OBJECTIVES: 


At  the  conclusion  of  this  MOD  you  will: 

1.  Present  an  organized  collection  of  at  least  25  leaves  from  trees 
(approximately  4.5  meters  tall  when  mature)  identified  with 

c  orjtto  n  name  s . 

2.  Present  a  classification  system  which  you  have  developed  for  the 
leaves . 

3.  Be  able  to  use  descriptions  from  your  classification  system  to 
identify  a  given  leaf  from  your  collection ^pr  provide  a  descrip- 
tion of  a  given  leaf  using  your  classification  system. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 


1 .  SAPA,  Commentary  for  Teachers,  in  Resource  Center 

2.  Petrides,  A  Field  Guide  to  Trees  and  Shrubs,  in  Resource  Center 

3.  Zim  and  Martin,  Ti eec  7  in  Resource  Center 

4.  Miller-Jacques,  How  to  Know  the  Trees,  in  Resource  Center  j 

5.  BrockmaPj  Trees  of  North  America,  in  Resource  Center  i 

6.  Other  books  in  the  main  Library  on  identification  of  trees 

7 .  Laminator 

PROCEDURES : 

1.  forking  with  your    SMEP  partner  collect  at  least  25  leaves  from 
native  trees.     Collect  enough  leaves  so  that  each  of  you  can  mount 
two  of  each  type,  one  with  front  exposed*  and  one  with  back  exposed 

2.  Using  references  me^-'oned  above  identify  the  leaf  by  its  common 
name . 

3:    Develop  a  classification  system  using  simple  language  f\iat  will 
allow  you  to  identify  a  given  leaf  within  your  collection.  You 
may  choose  to  use  some  of  the  characteristics  used  in  the  keys 
that  have  already  been  developed.     You  might  wish  to  refer  to  the 
SAPA,  Commentary  for  Teachers ,  "Self-Evalua tion"  item,  p.  66. 

U.    Mount  and  organize  the  collection  for  presentation  and  for  your 
?cr?*ar!c*nt  file.     It  is  recommended  that  you  mount  the  leaves  on  a 
white    ackground  and  laminate  them. 


FIN\L  ASSESSMENT: 


1.  Bring  collection  to  the  assessment, 
^  2.     See  objectives. 
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MOD  137    Growing  Crystals 

Observing,  consuni eating 


OBJECTIVES: 


1.  Given  the  chemicals  and  directions  specified  on  the  following  pages,) 
you  will  grow  crystals  by  several  different  methods,  and  precisely 
observe  them  under  the  microscope  and/or  with  the  naked-eye. 

2.  Given  the  observation  of  growth  of  crystals  In  objective  1  above,  you 
will  identify  the  method  of  formation  of  crystals  in  each  case,  and 
carefully  answer  the  questions  on  the  following  pages. 

3.  Y«  will  find  ind  investigate  the  crystalline  nature  of  at  leaf:  two 
substances  in  the  world  around  you,  and 'you  will  bring  them  to  the 
instructor  to  be  v*ewe<*,  perhaps  under  the  microscope* 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SAPA,     73  f  Precipitating  Salts  frog  Solution 

2.  Bolden  and  Singer,  Crystals  and  Crystal  Growing 

Marean  aud  Ledbetter,  Physical  Science:    A  Laboratory  Approach 

4.  Thorne  Films,  Crystals:    Growth  In  Solution,  ftElmloop  #568 

5.  Thorne  Films,  Crystals:    Growth  from  *  Melt,  fllmloop  #569 

6.  8  nan.  fllmloop  projector  . 

7.  Microscope  and  chemicals  .needed  for  the  activities  

FINAL  ASSESSMENT: 

See  objectives  above. 
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PROCEDURE: 


If  possible,  wo?*k/inp6ir8 .    Some  of  the  materials  you  will  be  using  are 
dangerous.    Vo  not-lfertnit  them  to  contact  your  skin  and  avoid  inhaling  their 
fumes. 

Discuss  the  results  in  the  space  below  each  activity*    Consider  the  appearance 
of  the  crystals  as  to  shape  of  face:    such  as  angular,  branchlike,  tabular, 
elongated,  or  blocky.    Include  the  color,  the  speed  of  growth,  sise  of  crystals, 
and  u.iere  the  crystals  grow. 

t answering  the  questions  related  to  these,  it  might  be  well  to  Jot  down, 
ressions  on  separate  paper  and  to  write  up  your  final  answers  only  after 
you  have  completed  all  of  th£  activities.    You  will  learn  how  to*  dftcuss  the 
activities  by  comparing  one  activity  w5th  another  activity.    This  MOD  helps 
you  to  observe  and  to  describe  what  you  observe .  y 

Activities: 

r  *r  the  two  filaloops:  Crystals:  Growth  in  Solution  and  Crystals:  Growth 
i~ra  a  Melt.    Read  the  notes  on  the  filraloop  boxes  as  you  view  them* 

.elect  either  Activity  2  or  3.  s*0*** 

2.    Dissolve  \  tsp.  potassium  alum  in  approximately  h  of  a  glass  of  cool  water. 
Continue  adding  alum  by  H  tsp*    When  no  trore  alum  will  dissolve,  the  solution 
at  its  present  temperature  is  saturated*    Now  heat  the  solution,  but  do  not 
tfoil  _t.     Tien  it  becomes  very  hot,  add  2  or  4  more  tsp*  of  alum*    It  should 
dissolve  completely. 

Set  the  solution  in  a  warm  place  where  it  will  not  be  disturbed.    Set  a  pencil 
or  st '-aw  across  the  top  of  the  container  and  suspend  a  string  from  the  pencil. 
Tie  a  small  weight,  such  *8,  a  paper  clip,  on  the  end  of  the  string  so  that  the 
string  hang*  qtraJght  ir^  'the  solution.    Do  not  disturb  the  container.  Let 
it  stand  ovoniight  anc  vatch  for  the  beginnings  of  crystallization  the  next  dey. 
Allow  the  crystals  to  grow        several  days.    Vhat  is  the  shape  of  the  crystals? 
Describe  thaii]  growth. 


MOD  137 

/ 


-3- 

3.    Use  rock  salt  and  follow  the  directions  given  in  activity  2.    Px>ck  salt 
Is  a  form  of  sodium  chloride  that  produces  better  result/j  for  cryecal-growing 
than  table  salt.    What  is  the  shape  of  the  crystals?    Describe  their  growth. 


4.    You  are  given  a  solution;  of  mercuric  chloride  in  nitric  acid  (2  ml.  of 
HNO3,  2  ml.  of  HjOt  And  H  g.  of  mercuric  chloride).    Place  a  drop  of  this 
solution  on  a  slide,  and  vieW  it  through  the  microscope  as  it  evaporates.  WaJ 
at  least  5  minutes  for  the  growth  of  the  crystals  to  begin.    Where  do  the 
crystals  first  start  to  grow?  Why? 


3.    Tou  are  given  a  saturated  sodium  chloride  solution.    Place  a  drop  of  this 
solution  on  the  slide  and  watch  through  the  microscope  while  it  evaporates  to 
dryness.    Suggest  why  the  crystals  of  sodium  chloride  are  a  different  .shape 
from  those  of  Jtercuric  chloride. 

r 


6.    Weigh  out  about  15  g.  of  hypo  (sodium  thiosulfate)  crystals »    Put  S  or  4 
k  of  the  crystals  into  a  test  tube  with  about  2  ml,  of  distilled  water.  Add 

x  crystals  until  they  no  ^opgair  dissolve.    Heet  the  teat  tube  gradually ,y  but 

not  to  the  boiling  pent,  and  add  crystals  continually  until  aU  15  g.  are 
dissolved.    The  hot  solution  r?ew  holds  mote  hypo  than  tt  could  hold  at  room 
temperature.    Gently  lover  the  i-*~t  tube  into  cool  water  to  lower  its  t«mper~ 
ature.    Carefully  lift  it  out  and  put  in  one  tiny  crystal  of  hypo  at  a  seed. 
Accurately  observe  the  results.    Feel  the  test  tube  and  not 2  whether  the 
temperature  changes.    Did  the  growth  of  crystals  result  In  temperature 
change?    Find  a  reason  for  this. 
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7.    Melt  \  tsp.  of  thymol  and  plage  a  drop  of  it  on  a  slide.    Place  the  slide 
on  the  microscope  platform.    When  the  drop  is  cool,  add  a  tiny  grain  of  solid 
thymol.    Note  the  results.    Work  with  liquid  and  solid  thymol  to  see  whether 
you  can  contrive  situations  which  give  different  results  in  the  growth  of 
crystals.    Do  not  throw  the  thymol  away.    Keep  it  in  the  labeled  evaporating 
dish  provided.    Why  do  the  thymol  crystals  have  the  9hape  they  have?    Did  you 
achieve  different  results  by  working  with  liquid  and  solid,  thymol?    If  so, 
discuss  them. 


8.  Place  a  lar*e  drop  of  >ilv«r  nitrate  solution  Q%  g.  AgNO  in  20  ml.  of  HjO) 
on  -  slide.    As  you  view  it  through  a  microscope,  slide  one  s<*ge  of  a  small 

of  copper  foil  gently  into  the  drop.    Observe  the  crystal  growth.  Watch 
t-.pocially  the  initial  shape  and  color  of  the  crystal.    Handle  the  silver 
itrate  carefully  for  it  stains  the  surfaces  it  contacts.    Do  not  throw  away 
_he  copper  foil,  but  put  it  in  the  labeled  Jar.    What  are  the  crystals  made  of? 
Why  are  they  located  as  they  are? 


List  at  least  three  methods  of  crystal  growth  you  observed  in  this  MOD.  Name 
one  or  more  activity  in  whi;li  each  method  occurred. 

Method  Activity 


2. 
3. 
4. 


Did  you  notice  ;  relationship  between  the  size  of  the  crystals  and  the  rate  cf 
growth?    If  so,  whet  is  it? 


Why  are  crystals  of  different  substances  different  shapes? 
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MOD    138    Adding  and  Subtracting  I 

This  MOD  is  designed  to  give  a  clarity  of  understanding  of  the  concepts 
of  addition  and  subtraction. 

OBJECTIVES:  v 

At  the  conclusion  of  this  MOD  you  will: 

1.  Have  a^l^ar  understanding  of  and  skill  in  addition  and 
subtraction. 

2.  Be  able  to  present  the  concepts  of  addition  and  subtraction 
.  to  children  in  such  a  way  that  they  will  be  successful  in 

mastery  of  skill. 

3.  Be  aware  of  the  fact  that  attitudes  toward  mathematics  are 
bein^  formed  as  addition  and  subtraction  ate  taught. 

4.  Describe  needed  readiness  work  for>  children  In  preparation 
"for  addition  and  subtraction. 

5.  Analyze  a  child's  errors  in  addition  and  subtraction  and 
recognize  potential  difficulties. 

T  STRUCTIONAL  REFERENCES -AND  MATERIALS: 

1.  MMP*  Addition  and  Subtraction 

2.  Grades  K,  1,  and  2  math  textbooks  in  Resource  Center 
J.    Chips,  bundling.-sticks,  Cuisenaire  rocs 

4.  NCTM  37th  Yearbook:    Mathematics  Learning  in  Early  Childhood 

5.  MMP  slide-tape  "Addition  and  Subtraction  in  the  Elementary  School11 

PROCEDURE: 

1.  View  the  MMP  slide-tape  "Addition  and  Subtraction  in  the 
Elementary  School." 

2.  Do  Activities  1,  2,  2  (make  an  activity  for  each  of  A,  B,  and  C) 

A,  5,  6,  and  7  (Pcrts  1,  2,  3,  4,  6)  in  MMP,  Addition  and  Subtraction, 

3.  Laminate  plans  from  Activity  3  for  your  permanent  f.ile.  f 

FINAL  ASSESSMENT:  • 

1.  Bring  ai]  work  sheets  and  laminated  material  to  the  evaluation. 

2.  Be  prepared  to  discuss  each  objective. 
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MOD  139    Adding  and  Subtracting  II  . 

This  MOD  is  designed  to  reinforce  your  understanding  of  the  basic  concepts 
in  addition  and  subtraction. 

OBJECTIVES: 

At  the  conclysioi>  of  this  MOD  you  will. have: 

1.  Measured  your  understanding  of  iLe  concepts  of  addition  and 
subtraction  through  a  self-test. 

2.  Reviewed  the  basic  properties  of  addition  and  subtraction. 

3.  Decided  on  strategies  in  helping  children  master  the  basic 
combinations  in  addition  and  subtraction. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Addition  and  Subtraction 

2.  Grades  K-h  mathematics  textbooks,  found  in  Resource  Center 
P^OCEDJRE: 

$      1.     In  MMP,  Addition  and  Subtraction  do  Activities  8,  9,  10, 
11,  12,  13,  and  14. 

2.  Prepare  strategies  in  a  form  for  your  permanent  file. 

3.  Prepare  at  least  one  game  on  addition  and  subtraction  tor 
your  permanent  file. 


FINAL  ASSESSMENT: 

1.  Bring  self-test,  work  sheets,  and  permanent  file  materials 
to  tha  evaluaticr,. 

2.  Read  again  and  be  prepared  to  answer  questions  on  objectives. 
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MOD  140    Adding  and  Subtracting  III 

This  MOD  develops  the  rationale  and  techniques  for  the  algorithms  of 
subtracti<^»  and  addition.  ^  ;    / }< 

OBJECTIVES: 

♦  -t 
At  the  completion  of  this  MOD  you  will  have  an  understanding  of: 

1.  Why  the  subtraction  algorighm  causes  more  difficulty  than 
the  addition  algorithm. 

2.  How  you  can  help  children  to  solve  addition  and  subtraction 
problems. 

3.  How  to  use  the  Papy  Mini-computer. 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Addition  and  Subtraction 

2,  3x5  cards,  scissors,  tape 

2.  Grades  3-6  mathematics  textbooks,  found  in  Resource  Center 

4.  The  Papy  Mini-computer  with  instructions 

5.  Dienes  blocks, -bundling  sticks,  abacus 


ISMEP 


PROCEDURE: 


1.  In  MMP,  Addition  and  Sujtraction,  do  Activities  16,  17,  20  (put 
activities  on  paper),  22,  and  26  (summarize  strategy  of  one  series). 

2.  Study  the  Mini-computer  and  le^rn  to  use  it. 

3.  Laminate  the  two  activities  planned  for  Activity  20  above  and 
the  strategy  summary. 


FINAL  ASSESSMENT: 


1.  Bring  all  work  sheets  and  laminated  material  to  the  evaluation. 

2.  Demonstrate  use  of  the  34iai~€omputer  with  your  partner. 

3.  Answer  questions  relative  to  objectives. 
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MOD  141   -  Teaching  Children:    Adding  &  Subtracting 
PREREQUISITE:     Consent  of  Instructor. 
OBJECTIVE: 

«  _  - 

After  viewing  the  video  program  of  "model"  teaching  your  ISMEP-partner  - 
and  you  will  plan  and  teach  to  four  or  five  children  appropriate  concepts 
and  skills  on  adding  and  subtracting. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Indiana  Model  Teaching  Video  Programs  on  Adding  &  Subtracting 

2.  Elementary  mathematics  textbooks 

3.  ,MMP« .  Addition  and  Subtraction  - 

4.  Video-tape  recorder 

5.  TV  monitor 

FINAL  ASSESSMENT:  •  * 

Your  plan  «will  be  discussed  with  and  approved  by  your  instructor(s) 
prior  to  the  actual  teaching  experience.    Shortly  following  the  actual 
teaching  a  30-minute  time  period  will  be  scheduled  with  your  instructor(s) 
to  discuss  and  evaluate  the  experience.    Input  from  the  classroom  teacher 
will  be  sought  and  utilized  to  the  extent  possible. 


■  .  > 

ERIC.,        '  190 


MOD  HI 


ISMEP 

v 

MOD  142  Numeration 

This  MOD  is  planned  to  extend  your  awareness  of  the  role  of  numeration 
in  the  elementary  school  mathematics  program. 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  to: 

\*    Recommend  some  number  readiness  activities  for  primary  grades. 

2.  Relate  numbers,  number  names,  and  symbols. 

3.  Diagnose  children's  problems  relative  to  errors  in  numeration 
and  suggest  remediation. 

4.  Solve  some  puzzles  using  bases. 

INSTRUCTIONAL  REFERENCES  AND  flATERIALS: 

1 .  MM?  Numeration 

2.  Index  cards,  paper  punch,  scissors,  knitting  needle 

3.  NCTM  37th  Yearbook:  Mathematics  Learning  in  Early  Childhood 

■ 

Pr  'CEDURE: 

1.    In  MMP,  Numeration  do:  v 

Activities  6;  Parts  1,  2,  3,  4,  5,  and  6 
9;  Parts  1  and  2 
10;  Parts  1  and  2 
15;  Parts  1  and  3 
~2«    Laminate  your  activity  made  from  Activity  9;  Part  2  for  your 
permanent  file. 

FINAL  ASSESSMENT: 

1.  Bring  your  worksheets  and  laminated  activities  with  you  to  * 
the  evaluation. 

2.  Be  able  to  answer  questions  relative  to  objectives. * 
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MOD  143  Graphing 

This  MOD  is  designed  to  reinforce  your  graphing  skills  and  to  help 
you  apply  this  concept  to  the  elementary  curriculum.  . 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  tot 

1.  Collect  data,  choose  appropriate  type  of  graph,  and  construct 
the  graph  for  data  collected. 

2.  Describe  some  othei  coordinate  systems. 

3.  See  functions  as  "input-output"  systems. 

4.  Discuss  games  and  other  activities  that  are  standard  parts  of 
the  elementary  curriculum  in  terms  of  functions. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1 .  MMP ,  Craphs 

2.  ,  Cuisenaire  rods,  hinged  mirrors,  graph  paper,  balance  beam, 

paper  towols,  metric  ruler,  jar,  paper  clip,  Scotch  tape, 
protractor 

^  PROCEDURE: 


1.  In  MMP,  Graphs,  do 

Activities:    2;  Parts  1  and  2  (fill  in  table) 

5;  Parts  1,  2,  3,  4,  and  6a 
~  13;  Parts  A,  1,  2,  and  3;  B,  1  and  2;  and  C,  1  <ind  2 

14;  Experiments  1,  2,  3,  4,  and  5 

2.  Prepare  a  game  for  your  permanent  file,  using  some  concept  of 
this  MOD. 

FINAL  ASSESSMENT: 

1.  Bring  all  worksheets  and  your  game  to  the  ^evaluation. 

2.  Be  able  to  answer  que'sti  "ns_  relative  to  objectives- 
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MOD  144    Rational  Numbers  IV 

This  MOD  provides  the  opportunity  to  review  understanding  of  and  skills 

with  integers.  .  - 

OBJECTIVES: 

At  the  end  of  these  -exercises,  you  will: 
rl.    Be  aware  r>f  the  role  of  integers  in  real-world  situations. 
2.    Apply  "three  resources"  to  gain  insights  into  problems  you 

will  face  as  a  teacher. 
3*    Have  an  opinion  on  "how  and  when"  integers  are  introduced  to 

the  elementary  school  student. 
A.     Review  andL  gain  new  confidence  in  use  of  all  operations  .with  ^ 

integers. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Rational  Numbers 

2.  MMP  Slide-* tape,  "Overview  of  Rational  Numbers  with  Integers 
and  Reals" 

3.  Paper,  scissors,  spinners,  chips 

A,     Elementary  school  mathematics  textbook  series,  found  in  Resource 
Center  a. 

PROCEDURE: 

1^    View  the  slide-tape,  "Overview^  of  Rational  Numbers  with  Integers 
and  Reals." 

2.  Do  Activities  1,  2,  3,-  A,  and  5  in  MMP,  Rational  Numbers, 

3.  Prepare  a  game  using  operations  with  integers  as  a  part  of  your* 
jpermanent  file. 

FINAL  ASSESSMENT: 

1.  Bring  work  sheets  aftd  your  game  to  the  evaluation. 

2.  Be  prepared  to  answer  all  questions  posed  by  objectives. 

2.    Be  prepared  for  brief  written  test  using  basic  operations  on  integers* 
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MOD  145    Rational  Numbers  V 

This  MOD  analyzes  some  of  the -problems  children  encounter  in  studying 
rational  numbers. 

OBJECTIVES: 

At  the  conclusion  of  this  MOD,  you  will  be  able  to: 

1.  Provide  examples  ofw  common  errors  children  make  when  working 
•  with  rational  numbers. 

2.  Give  a  generalized  definition  of  the  operations*  of  acjditioa, 
subtraction,  multiplication,  and  division, 

3.  State,  the  properties  of  rational  numbers  for  the  basic  operations, 

4.  Introduce  decimals  to  children. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS 

1.  MMP,  Rational  Numbers 

— - —  ■   -  .  / 

2.  Elementary  school  mathematics  textbook  series,  found  xti  Resource 
Center 

3.  Dienes  blocks  in  base  teri,  play  money  ' 
PROCEDURE:  - 

1.  Do  Activities  17,  19,  22,  2>,  apt!  28  in  MMP,  Rational  Numbers. 

2.  Prepare  an  activity  designed  to  deal  with  some  problem  children 
have  with  rational  numbers.     Laminate  it  for  your  permanent  file#. 

Pinal  assessment:  •  • 

1.  Bring  all  work  sheets  and  laminated  activity  to  the  evaluation. 

2.  Be' able  to  respond  adequately  to  each  objective. 


0 


MOD  145 


100 


,  1  ISMEP 

MOD  146    Rational  Numbers  '  VI 

This  MOD  is  designed  to  give  you  a  degree  of  familiarity  with  and  confidence 
in  using  irrat'ional  numbers. 

OBJECTIVES:  .  "  / 

At  the  completion  of  this  MOD  you  will. 'be  able  to: 

1.  Give  examples  that  would  tell  us  that  not  all 'numbers  are 
rational.  • 

2.  Give  instances  where  irrational  numbers  are  iptroduced  in  the 
elementary  school. 

3.  Describe  the  relationships  between  wholes,  rationals,  reals, 
integers,  and  irrationals. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.    MMP,  Rational  Numbers 

2%    Ruler,  geoboard,  dot  paper 

3.    Elementary  school  mathematics_ textbook  series,  found  in  Resource 
Center 

PROCEDURE:  ' 

1.  Do  Activities  33,  .34,  35,  3*6,  bncU37  in  MMP,  Rational  Numbers. 

2.  Plan  an  activity -to  introduce- the  irrational  number?  to  an 
upper  elementary  clas6;    Laminate  this  activity  for  your 

*  permanent  file. 

FINAL*  ASSESSMENT:  '.../' 

1.  Bring  all  work  sheets  and  your  planned  activity  to  the  valuation. 

2.  Den.onstra  :e  ability  to  fulfill  the  objtctives. 
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MOD  147    Exploring V^ldren'.s  Thought:    Piagtt-type  Interviews 
OBJECTIVE: 

1.  You  should  conduct  Pia^et  interviews  with  at  least  6  children, 
record  the  results,  decide  the  stage  of  intellectual  develop- 
ment fo    each  of  your  interviewers  based  on  his  responses  to 

.  the  interview  tasks  (one  member  of  your  pair  might  interview 
S.  three  children  while  the  other  member  observes  and  then 

exchanges'  roles  with  the  other  three  interviewers, 

2.  Civen  appropriate  example^  of  a  child's  'behavior,  you  will 
be  able  to:  tell  which  stage*  of  intellectual  development  the 
behavior  best  exemplifies. 

* 

*   p.    ¥ou  should  be  able  to  ceil  some  differences  in  responses 

and  behavior  of  tvo  children  at  different  Stages  of  intellectual 
development. 

PREREQUISITE:  . 

•    '     View  the  Piaget4ian  films  or  videotapes  -  classification  and 
conservation.  » 

INSTRUCTIONAL  REFERENCES  &  MATERIALS : 

1.  "Studying  the  Child's  Interpretation  of  His  Environment"  fro* 
c                Matthews,  C.  D.,  Darrel3 ,  G.  P.,  and  Good,  R.  G.,  btudenf- 

Structured  Learning  in  Science.  (Duplicated) 

2.  "Interview  Response  Sheets" 

3.  Cassette  tape  recorder  found  in  Resource  Center 


SUPPLEMENTARY  REFERENCES :  . 

Reprints  about  Piaget's  research    and  theory-,  in  , the  mod  tray. 
PROCEDURE:  * 

1.  Arrange  to  interview  at  least  six  children,    The  youngest  should 

*2  a  pre-schooler. 

2.  Read  the  preliminary  materials  and  lerrn  the  protocols.  . 
Practice  ort  your  ISMEP- partner?  .   


ERIC 


Conduct  the  interviews  and  complete  the  "Interview  Response 
sheets"     (available  in  the  MOD  tray). 

Recotd  two  interviews  -  one  by  each  ISMEP-partner . * 
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E:  (conti 


inued) 


6.1  Arrange  for  diswsinr  ^nd  evaluation  witb  the  instructor  and 
;  bring  your  completed  Intcrvi^t,  Response  Sheets  and  recorded 


interviews  to  the  evaluation  session! 


ASSESSMENT: 


You- and  your  partner  wili  schedule  a  30-tninute,  time*  period  with 
the  instructor.    At' that  rlfre  che  completed  "Interview  Response 
Sheets"  will  be  reviewed  and  objectives  2  and  3  will  be  discussed 
iind  the  responses  evaluated. 
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MOD  148    E^ensiGn  of  Mathematical  Corcepts:  Numeration',  Graphing, 
^!(ational  Numbers 

♦  nis-MOD  i-j  designed  to  review  somo  concepts  1n  migration,  graphing,  and 
rational  numbers. 

OBJECTIVES: 

At  the  end  of  this  MOD  you  will  he  able  to: 

1.  Design  activities  to  help  an  elementary  school  child  overcome 
numeration  error  patterns. 

2.  Represent  functions  by  several  methods. 

3.  See  functions  as  \pecial  kind    of  relations. 

4.  Recommend  possible  causes  for  uoiranon  errors  made  by  children 
when  working  with  rational  numbers  and  remedies  for  these 
causes, 

bf    Develop  a  generalized  definition  of  the  operations  of  addition, 
subtraction,  multiplication,  and  division, 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

.    MM?,  Numeration 

2.  MMP,  Graphs    .  1 

3.  'MMP,  Rational  Numbers 

PROCEDURE: 

r,     1.     In  MMP,  Numeration,  do  Activity  15,  parts  1  and  3. 

2.  In  MMT,  Graphs,  do  Activity  t3,  parts  A,  B,  and  C. 

3.  In  MMP,  Rational  Numbers,  do  Activities  17  and  19. 

4.  Make  a  game  for  your  permanent  tile  to  help  children  with 
some  errors., 


FINAL  ASsESSM 


\ .    BrLng  all  work  and  your  game  to  the  evaluation. 

!.*    Be  prepared  to  answer  questions  relative  to  the  objectives. 
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MOD  149      Flexibility  MOD 

This  MOD-slot  is  retained  to  *iiov  «  .  xiMlity  In  the  program.     Tt  is 
provided  to  allow  the  staff  to  in^yrfte  unxque  occurrences  into  the 
program,  should  they  arise. 
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MOD  150  communities  (SCIS) 

Controlling  variables,  experimenting 

OBJECTIVES: 

1.  You  will  be  able  to  set  up  media  which  will  show  decomposition  and 
decay  of  organic  matter  which  is  matter  composed  of  dead  organisms • 

2.  You  will  observe  an  organism  as  it  decomposes  e   .  record  your 
observations. 

3.  You  will  be  able  to  discuss  the  manner  in  which  bacteria  and  yeast 
decompose  plant  and  animal  materials. 

4.  You  will  be  able  to  discuss  the  functions  of  water,  sand,  and  air 
'in  the  decay  process. 

5.  You  will  be  able  to  discuss  the  function  decomposition  plays  .in  the 
cyclic  phenomena  seen  in  all  living  organisms, 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SCIS,  Communities,  T^ache^s  Guide,  "Decomposition/'  np.  74-83. 

2.  ESS,  Changes  , 

3.  Plastic  vials  with  caps,  sand,  dead  animals  such  as  isopods,  crickets, 
nj'Salwonrs,  seeds,  plant  parts 

4.  Large  glass  jar  or  container,  one  package  of  yeast,  banana,  knife 

5.  Microscope 

FINAL  ASSESSMENT:  * t 

1.  Identify  and  bring  into  focus  under  the  microscope  a  budding  ye^st  cell. 

2.  Review  and  discuss  the  observations  you  have  made  in  yotir  experiments. 


ISMEP 

* 


9 

ERIC 


2Qi; 


MOIi  150 


PROCEDURE: 

*  \ 

1.  After  reading  SCIS,  Coggmitiea,  "Decomposition,"  pp.  74*83,  set  up  vials 
•lid  jars  which  permit  you  to  observe  decomposition  by  bacteria  and  yeast, 

i 

2.  Mcord  data  for  at  least  16  days  for  the  following  activities: 

a ^    Put  2  pieces  of  banana  about  the  slse  of  a  walnut  in  cups  with  covers 
\   as  provided  in  the  MOD  tray.    Add  a  small  amount  of  yeast  to  one  cup. 

b.  Obtain  three  kinds  of  organic  matter  such  as  bugs,  meat,  and  leaves. 

i  Fill  9  cups  with  sand.  To  3  cups  add  only  organic  matter.  To  3  cups 
\  add  water  and  some  organic  matter.    To  3  cups  idd  only  water. 

c.  \  Examine  yeast  cells  or  bacteria  under  the  microscope. 

3.  Uslbg  as  many  of  your  senses  as  you  dare,  on  a  day  by  day  basis,  notice 
what  happening  to  the  vials.  From  your  observations  draw  inferences 
and >write  logical  reasons  that  support  your  inferences. 

\ 

\ 

\ 
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-MOD  151      Introduction  to  Awareness  Geometry 

OBJECTIVES:    After  this  MOD  you  will  be  able  (1)  to  Identify,  nam*,  and 

describe  geometrical  shapes  in  your  environment,  (2)  name  properties 
and  uses  of  geometric  shapes,  and  (3)  analyze  shapes  to  make  inferences. 

INSTRUCTIONAL  "REFERENCES  AND  MATERIALS: 

1 .  MMP ,  Awareness  Geometry 

2.  Materials: 

a)  containers  or  geometric  shapes  made  by  foldinp  and  fastening 
plane  shapes 

b)  construction  paper 

c)  rule 

d)  scissors 

e)  paste 

f)  tape 

INSTRUCTIONS: 

In  the  MMP,  Avarcutrss  Geometry  read  "Introduction  to  the  Awareness 
Geometry  Unit"  and  answer  on  paper  or  make  constructions  where  applicable  for: 
Activity  1  -  Items  2,  4,  S   ha ,  D  •  c,  <i. 
Activity  3  -  Items  1,  2,    K  4. 

FINAL  ASSESSMENT: 

1.  "Bring  papers  or  constructions  to  yuur  evaluation  session* 

2.  See  objectives. 

3.  Be  prepared  to  discuss  your  written  records  or  constructions  with 
the  instructor. 
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MOD  152  Density  Determinations 


OBJECTIVES: 

1.  Given  the  materials  in  the  MOD  tray  and  having  completed  the 
activities,  you  will  be  able  to  verbally  state  and  demonstrate 
by  numerical  figures  the  relationship  between  density  and 
buoyancy  in  regard  to  an  object  floating  or  sinking. 

2.  You  will  be  able  to  determine  the  density  of|j>oth  an  object 
with  an  easily  determined  volume  as  well  as  an  object  with 
an  irregular  shape. 

3.  Given  the  size  and  mass  of  a  large  inaccessible  object,  such 

as  a  moon  or  planet,  you  will  be  able  to  determine  its  density. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

>• 

1.  The  Everyday  Science  Sourcebook,  pp.  43-44,^  topics  17-24. 

2.  Modern  Physics;  Dull,  M2tcalfi»;  Williams;  191-192,  topics 
21  and  22.  Read  the  sample  problems  and  $cidutions  on  pp.  193 
and  194.  -  7/ 

3.  Wooden  blocks,  rocks  and  other  objects  in /the  MOD  tray,  a  balance 

scale  / /  \ 

j  / 

PROCEDURES:  •  [' 

K     In  the  MOD  tray  you  will  find  two  blocks  of  wood,  of  obviously 
different  sizes  and  weights.    Measure  the  volume  of  each  one 
in  cubic  centimeters,  and  weiph  it  in  grams.    Determine  the 
.  densities  in  g/cm3.  \ 


2.     There  arp  also  threp  objects  of  «ttrh  «hap*»s  that  one  cannot 
measure  them  directly.    Find  the  volumes  of  each  of  these  by 
use  of  an  overflow  tank.     (Refe?  to  MOD  on  Float  or  Sink.) 
Then  weigh  the  objects  and  determine  their  densities. 


DISCUSSION: 


Most  planets  are  in  the  general  size  range  of  the  earth,  and  have 
comparable  masses.    Astronomers  can  determine  these  masses  even 
though  we  have  not  actually  been  to  the  other  planets  yet.  The 
size  is  determined  on  the  basis  of  linear  diameter.    As  all  of 
them  are  spherical  in  shape,  one  can  obtain  the  volume  from  the 
diaw^ter.    Consult  a  math  book  in  tb*  Resource  Center  to  find  the 
formula  f o  *  the  volume  of  a  sphere. 

3.  Given  the  diameter  of  Mars  to  be  about  4200  miles,  or  about 
6800  km,  and  the  mass  to  be  abput  6.45  x  lO23  kg,  or 
644800000000000000000000  kg,  find  the  density  of  Mars  in  g/cm3. 

4.  Our  moon  has  a  diameter  of  2160  miles  or  about  3540  km,  and  a 
mass  of. about  7.34  x  1022  kg  or  73400000000000000000000  kg. 
Find  the  density  of  the  moon  In  g/cm3. 


MOD 


m 

FINAL  ASSESSMENT: 
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Bring  all  your  records  and  proMeir  sulu Lions  to  the  evaluation 
session  and  he  prepared  to  ansvror  quest:  ons  relevant  to  the 
objectives  as  stated  previously 
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MOD  153  Nutrition 


Interpreting  Data,  formulating  Hypothesis 


OBJECTIVES: 

X.    After  completing  the  exercises,  youwLll  be  able  to  describe  tests 
fo~  starch  and  sugar* 

2.  After  conpleting  the  exercises,  you  wall  be  able  to  identify  at 
least ^wo  variables  that  will  inhibit  the  function  of  an  enzyme. 

3.  You  will  be  -able  to  destribe  the' function  of  saliva  in  digestion. 

4.  You  will  determine  one  or  more  variables  other  than  those  used  in 
this  experiment  that  inhibit  the  digestive  function  of  saliva; 
then  test  fpr  the  effect  of  tKe.se  variables. 

5.  Test  several  items  for  the  presence  of  starch. 


INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  The  pages  of  thi*  yOD 

2.  Units  on  digestion  in  general  biology  references 
"TNAL  ASSESSMENT: 

See  objectives  above. 
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PROCEDURE: 


Digestion  as  a  part  of  nutritio* 


V 


The  terms  \li&estiuu  auu  uuti  iLiuti  die  uilt?n  confused.  ^  Nutrition  involves  the 
supplying  of  all  substances  needed  to  -promote  growth,  maintenance,  repair  and 
reproduction  of  living  organisms.     included  in  nutritional  n^ds  are  thr  fuels 
(carbohydrates,  proteins,  and  fats),  wat**r,  vitamins,  minerals^'a^d  tjie^gases 
(O2  and  CO2)  either  needed  or  produced  by  the  organism.    Not  all  organism's 
have  the  same  nutritional  requirements* 

Digestion  is  the  process  which  converts  the* fuels  infro  their  smaller  component 
units  that  are  in* turn  utilized  by  the  organism  , in  metabolic  respiration  which 
supplies  the  energy  (ATP)  used  by  the  individual  cells  cf  an  organism. 

The  process  of  digestion  concerns  the  nunner  in  which  food  stuffs  are  prepared 
to  be  taken  into  ceils  where  they  .ire  used*     Digestion  most  often  occurs  outside 
the  body  of  animal  organisms;  food  chat  one  has  eaten  is  placed  in  the  digestive 
tract  (mouth,  stomaph,  intestines)  and,  in  a  sense,  is  st ill ^outside  the  body. 
This  is  true  because  the  intestinal  tr  ict  is  a  hollow  tube  running  trhrough  the 
b<-iy  that  is  open  at  ^oth  cuds.    Food  material  can  be  consi^  red  to  be  in  the 
t   1    once  it  has  been  absorbed  through  the  walls  of  they  intestine.  Digestion 
concerns  the  processing  of  food  stuff  so  that  it  can  effectively  be  absorbed 
through  the  walls  of  the  intestine,  into  the  blood  stream,  and  into  cells  of  *— 
the  body.  ,  Most  digestion  occurs  in  the  small  intestine. 

This  exercise  concerns  the  digestion  of  one  of  three  main  kinds  oF  organic 
fodd  stuffs — (fuels)  carbohydrates.    The  other  two  principal  kinds  arefats 
and  proteins.    Starch,  a  carbohydrate,  is  composed  of  only  one  kind  of  building 
block  called  glucose.    The  molecular  structure  of  glucose  is  sketched  below.* 
It  contains  6  carbon  atoms  bonded  or  hooked  together  into  a  chain.     Each  carbon 
atom  has  attached  to  it  some  hydrogen  and  some  oxygen.     4  glucose  molecule  has 
a  total  of  12  hydrogen  atoms  and  6  oxygen  atoms. 


HO-f-H 
H-C.-OH 


Glucose 

The  glucose  building  blocks  ea"  be  hooked  together  in  groups  cf  two  as  shown 
below  to  form  the  sugar,  maltose. 


F-CrOH 
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Glucose  +  Glucose  «  Maltose 
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Thle  combination  Is  composed  of  two  glucose  molecules  bonded  together  end  Is 
celled  maltose.    Starch  is  cowpoaed  of  many  h.jooqp  unit*  boaded  together  to 
form  long  chains.    This  can  be  shown  by  a  formula  In  which  "n"  stands  for  many 
glucose  molecules. 


Host  foods  contain  starch.    The  starch  molecule,  composed  of  many  glucose 
units  bonded  together,  can  not  be  absorbed  through  the  cellular  walla,  of  the 
digestive  tract.    The  molecule  la  too  large  to  pass  through  the  pores  In  the 
cells  that  line  the  intestine.    The  starch  molecule  must  be  broken  down  Into 
units  of  2  glucose  molecules  (maltose).  From  the  maltose  form,  It  is  further 
broken  down  into  Individual  glucose  units.    Glucose  molecules  pass  through  the 
cell  membranes  and  are  absorbed  from  the  digestive  tract.    How  does  the  body 
in  the  process  of  digestion  break  up  the  starch  molecules  Into  maltose  and 
then  into  glucose  units? 

Host  chemical  reactions  irv  a  living -organism  are  controlled  by  Substances 
called  enzymes.    Enzymes  ere  chemical  substances  usually  .made  of  protein  that 
*ut4ca  themeelves  to  other  chemical  molecules  and  cause  them  to  break  up  into' 
smaller  units.    We  cen  also  think  of  enzymes  as  chemical  substances  to  which 
two  smaller  molecules  become  attached.    The  enzyme  then  causes  the  two  smaller 
substances  to  react  with  each  other  and  to  become  bonded  together.    In  thie 
way,  enzymes  serve  either  to  breek  large  molecules  into  smaller  ones  or  to 
make  larger  ones  from  two  or  more  smaller  ones. 

The  enzyme  and  the  other  substances  on.  which  it  works  must  somehow  fit  together 
like  the  piecee  of  a  picture  puzzle.    The  following  diagrams  illustrate  this  - 

principle  called  the  lock  and  key  pechanisma  of  enzyme  function.  The  substance 
-  that  an  enzyme  works  on  is  called  the  substrate. 


note,  that  the  enzyme  remains  unchanged.    Also  note  that  the  reaction  could 
I  :oci»d  in  either  direction.    That  is,  it  could  break  the  substrate  into  two 
smaller  -  *"«  *r  make  a  larger  molecule  from  two  smaller  substrates. 

To  understand  euzyme  function  chree  concepts  are  important  to  remember. 

1.    Because  o?  the  lock  end  key  mechanism  of  enzype  function,  each  kind  of 
crgaric  reaction  must  have  its  own  enzyme. 


Glucose- (Glucose) n~£J ucose 
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2,  An  enzyme  molecule  has  ?  distinct ,  parts;  one  is  protein  and  the  second  is 
non-protein  (msny  vatamins  servv  in  this  latter  capacity).    Anything  such 
an  heat,  pH  (attid  and/or  base),  light,  cold*  or  salts"  that  affects  the  ^ 
protein  part  of1  the  enzyme  molecule  and  changes  its  shape  will  be  effective 
in* preventing  the  enzyme  from  functioning.  t 

3.  All  organic  or  inorganic  molecules  have  a  characteristic  shape  and  form 
under  a  given  set^  of  conditions.    Shdpe  and  form  means  that  the  external 
configuration  is  ^distiuct  for  that  kind  of  .molecule. 

\        j  . 

In  this  experiment  you|  work  with  one  kind  of  substrate  which  is  starch.  You 
work  also  with  ons  kind  of  enzyme  called  amylase.    Amylase,  produced  by  the 
salivary  glands,  ip  one  of  the  substances  found  in  saliva.    Amylase  as  an 
enzyme  attaches  itSpelf  to  the  starch  molecule  and  breaks  it  into  maltose. 
Remember  that  maltose  is  a  molecule  composed  of  twoglucose  units  bonded 
together.  *  \ 

You  need  to  know  antf  to  use  the  following  simple  tests  in  doing  nutritibn 
(digestion)  experiments. 

Simple  Tests: 

When  ^KT  (Iodine)  is  added  to  starch,  a  deep  blue-black 
color  results. 

When  Benedict's  solutionis  added  to  starch  and  boiled  for 
about  one  minute,  it  remains  a  light  blue  color. 
When  is  added  to  glucose  or  maltose  the  result  is  a 

brownish  (iodine)  color. 

When  Benedict's  solution  is  added  to  glucose  or  maltose  and 
boiled  for  about  one  minute  the  color  changes  to  a  yellow- 
orarige  or  brick  red  color  depending  on  the  amount  of;  sugar 
present. 


1.    Heat  a  400  ml  b.-;ik»r  %  full  of  water  to  boiling  on  a  hot  plate. 

'    .2.    While  the  water  is  heating,  obtain  a  clean  test  tube  from  the  MOD  tray  and 
add  about  10  till  of  saliva  to  the  tube.    This  is  done  by  collecting  saliva 
in  your  mouth  and  puttin  it  in  the  test  tube.    Thinking  about  food  or 
chewing  a  clean  rubber  band  may  help  you  salivate.    If  you  have  eaten, 
drunk,  or  chewed  gum  recently,  you  should  rinse  your/mouth  thoroughly  with 
water  before  collecting  saliva.    Divide  the  10  ml  of  saliva  equally  into 
tvo  test  tubes.    Stand  one  of  these  tubes  of  saliva  in  the  boiling  water 
for    ^  minutes,  tthen  allow  to  cool  before  using.     label 'the  proper  tubes 
"non-boi* -    saliva"  and  "boiled  saliva"  with  the  labels  in  the  MOD  tray. 

Obtain  13  clean  test  tabes  from  the  MOD  tray.    (Clean  them  if  necessary  before 
U8in$.)    Number  the  tubes  from  l^fco  i3  with  a  wax  pencil.    To  the  proper  tube 
add  che  subtances  lifted  b^low;  mix  substance*  by  shaking  the  tube  gently  or 
by  railing  the  tube  between  your  hands. 

Allow  all  tubes  to  set  10  minutes  before  performing  any  other  tests  as 
directed  in  paragraph  #4. 
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Tube  #1 

10 

drops 

starch  soJution 

Tubte 

#2 

10 

drops 

statch  solution 

10 

drops 

iodine  solution 

Tube  #3 

10 

drops 

starch  solution 

10 

drops 

Benedict's  solution 

Tube 

#4 

10 

drops 

non-boiled«  saliva 

10 

drops 

starch  solution 

Tube  #5 

10 

drops 

non-boiled  sal'iva 

10 

drops 

Starth  solution 

Tube 

#6 

10 

drops 

boiled  saliva 

10 

drops 

starch  solution 

Tube  #7 

'10 

vl  L  \Jyo 

DOllcO    oa - IVd 

10 

drops 

starch  solution 

Tube 

#8 

1  0 

11  tU  pa 

o  **  a  v#«  n    ust  Itif  inn 
ataxtn   oOlUC lOU 

1  0 

UlU  p» 

uri 

10. 

drops 

non-boiled  saliva 

Tube 

#9 

i  n 

I  u 

drops 

scarcn  solution 

drops 

10 

drops 

non-boiled  saliva 

Tube 

#10 

1  0 

/A  r  r*\  r\  c 

u  rups 

o  fr"  ov*/«n    est  1  it  f*  A  s\n 
SLaiCn   SOIUL lOU 

1  0 

H  rnno 
u  L  u  u  a 

10 

drops 

non-boiled  saliva 

Tube 

#11 

10 

drops 

starch  solution 

10 

drops 

NaOR  or  KOH 

10 

drops 

non-boiled  saliva 

Tube 

#12 

1Q 

drops  maltose 

Tube 

#13 

10 

drops 

maltose , 

4.    After  tes 


tubes  prepared  in  #3  above  have  -set  for*  ten  minutes,  proceed  as 


directed  below: 
To'  tube  it 


ERLC 


#4:  add  10  drops  iodine  solution  and  mix 

//5:  add  10  drops  benedicks  solution  and  mix 

#6:  add  10  drops  iodine  solution  and  mix 

#7:  add  10  drdps  Benedict's  solution  and  mix 

#8:  add  10  drops  Iodine  solution  and  mix 

#9:  add  10  drops  Benedict  Ts'soltrtion  and  mix 

#10:  add  10  drops  iodine  solution  and  mix 

#11:  add  10  drops  Benedict 's •solution  and  mix 

#12:  add  10  dropn  -odin^  solution  and  mix 

# 1 3 1  add  10  drops  Benedict's  solution  and  mix 
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Before  proceeding  further,  observe  all  tubes  for  any  apparent  reactions 
such  as  color  changes.    Record  vcur  obf crvations. 


/ 


/ 


6?    You  are  now  ready  to  place  all  the  tubes  in  boiling  wat^"  for  approximately 
five  (5)  minutes*    At  the  end  of  five  (!>)  minutes  examine  each  tube  and 
recordits  appearance.     (Look  for  such  things  as  color  (changes),  cloud- 
iness, and  precipitation.) 


i 

7.    Explain  what  has  happened  in  eactv  tube  (or  explain  why  nothing  happened). 


8s5  A  method  to  show  the  speed  of  digestion  (or  that  digestion  is  occurring) 
.  is  as  follows: 


a}%    In  «  clean  petri  dish  half,  place  a  ring,  or  series  of  iodine 
solution  'drops.  -  ^~  ~ 

b)    In  a  clean  teSt  tube 
piece  10  ml  of  starch 
solution  and  add  one  ml 
enzyme  solution,  mix1>y 
swirling  the  test  tube. 

Ironeditttely-a4wg  mining  (and  have  a  partner  note  the  time)  use 
a  pipette  to  remove  a  small  drop  of  the  mixture.    This  drop  is   v-  - 
placed  in  one  of  the  previously  prepared  test  drops  of  iodine. 


At  the  end  of  one,  two,' three,  four,  five  minutes,  fete*  remove 
another  drop  and  place  in  an  unused  iodine  drop  to  observe  result*,. 


NOTE 


wash  the  pipette  thoroughly  between  each  sampling 


One  should  see  a  gradual  .decrease  in  iodine-star A  test  color 
until  "finally  no  color  change  is  noted. 

Ask  yourself,  "What  has  happened  to  the  starch?"  J/as  it  digested 
to  sugar?    What  test  can  you  .use- to  determine  whether  this  last 
mentioned  event  occurred? 


\ 
\ 


\ 

9-    Test  one  or  more  other  items  for  the  presence  of  starch. 


7- 


s. 
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|  MOD  154    Geometry  ir|  Structures 

'    OBJECTIVES:    After  this  MOD  you  saould  he  able  to    (1)  analyze  two 
geometric  forms  and  predict  which  ;smore  stable     (2)  build 
a  toper  and  a  bridge  utilizing  stability  principles  and    (3)  cal- 
culate the  mass  ratio  between  the  materials  used  in  construction 
and  the  load  supported  by  a  bridge. 

INSTRUCTIONAL  REFERENCES  'A$D  MATERIALS: 

1.  MMP,  Awareness  Geometry 

2.  ESS,  Structures 

3.  Materials: 

Paper  strips  (3  cm  x  20  cm)  * 
Paper  hole  punch 
Brass  brads 
Scissors 

Plastic  soda  straws 
Paper  clips 
Metal  washers 
Thread 

INSTRUCTIONS: 

\ 

1.  From  the  MMP,  Awareness  Geometry,  complete  Activity  2,  Items  1, 
2,  3^4,  and  5,      writing  answers  or  performing  constructions 
or  activities  as  outlined. 

2.  From  the  ESS,  Structures  read  the  "Introduction"  and  perform 
activities  suggested  by  the  questions  in  "Straws  and  Pins," 
pp.  20-27. 

3*    Compa.     the  ratios  of    mass  of  materials  for  at  least  two 

different  bridges-  from  "Straws  arid  Pins"  and  draw  a  sketch  of  the 
erne  wit!i  the  larger  ratio. 


FINAL  ASSESSMENT: 

1.  Bring  written  exercises  to  the  evaluation. 

2.  Bring  constructions  where  appropriate.     If  not  appropriate,  sketch 
the  construction. 

3.  See  objectives. 
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MOD  155    Brjlne -Sfirimp  * 

Controlling  variables,  experimenting 

OBJECTIVES: 

1*    You  will  be  able  to  design  an  experiment  which  will  show  the 

relationship  between  the  salt  concentration  in  the  water  and  the 
hattfilng  reliability  of  brine  shrimp  eggs. 

2*    You  will  design  an  experiment  to  determine  the  effects  of  overpop- 
ulation in  salt  water. 

3.    You  will  design  an' experiment  to  determine  the  effects  of  chemical 
pollutants  (i.e.      ipy  water,  alcohol,  vinegar,  etc.)  on  brine 
shrimp. 

■  4.    You  will  be  able  to  graph  the  results  of  your  experiment  in  a 
meaningful  way. 

\       5.    You  will  be  able  to  accurately  record  your  experimental  data. 
6.    From  your  daily  observations  of  brine  shrimp  eggs,  vou  will  be 
able  to  determine:  1.    What  amount  of  the  salt  per  unit  volume 
of  water  is  best  for  the  hatching  of  brine  shritaip  eggs;  2.  What 
is  the  optimum  number  of  brine  shrimp  per  unit  volume  of  water; 
3*    What  are  the  effects  of  various  chemicals  on  brine  shrimp 
development. 


INSTRUCTIONAL  REFERENCES  &  MATERIALS: 


,  1.  SCIS,  Environments,  Teacher's  Guide,  "Brine  Shrimp  in  Salt  Water11 

2.  ESS,  Teacher's  Guide  for  Brine  Shrimp 

t     3.  Rock  salt  (sodium  chloride),  culture  dishes,  medicine  droppers, 

I  teaspoons,  hand  letis,  br-ine  shrimp  eggs  , 

FINAL  ASSESSMENT:  . 

1.  Present  tc  the  instructor: 

a.  your  ^experimental  design;  '  , 

b.  your  data; 

c.  your  graphs; 

*       d.    your  conclusions  ibout  the  experiment. 

2.  Be  ready  to^defend  critically  vour  conclusions  based  upon, 
experimental  evidence.  .    '  ■ 
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PROCEDURE: 


After  reading  and  studying  ESS,  Brine  Shrimp,  and  SCIS,  Environments,  MBrine 
Shrimp  in  Salt  Water pp.  66-67,  set  up  an  experiment  to  determine  the 
optimum  amount  of  salt  needed  for  brine  shrimp  eggs  to  hatch.    Do  not  use 
teaapoonsful  of  salt  as  suggested;  rather  vary  salt  concentration  between 
21  and  5%.    Use  the  experimental  procedure  suggestions  from  SCIS,  Environments/ 
if  you  wish.    After  formulating  a  written  plan  of  experimentation,  present  ' 
your  design  toithe  instructor  before  doing  the  experiment. 

Note  these  suggestions  and  precautions. 

■» 

1.  Brine  shrimp  eggs  are  very  small;  moisten  a  paperclip,  and  lightly  touch 
it  to  the  supply  of  dry  eggs.  ^ 

2.  Water  in  open  dishes  evaporates.    Maintain  the  water  level  by  adding 
distilled  water  at  room  temperature.    Does  salt  evaporate? 
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HOD  156  Pendulums 

*  Communicating,  Inferring 

OBJECTIVES: 

1*    Given  the  materials  In  the  MOD  tray,  you  will  construct  a  "ooa-MCoud 

pendulum"  to  be  used  aa  a  timer  for  the  activities  In  this  MOD. 
2.   Using  the  pendulum  support  end  the  mterlels  in  the  MOD  tray,  you 

will  become  familiar  with  the  behavior  of  pendulums  In  saner al. 

For  example,  very  the  else,  weight,  or  shape  of  the  bob,  the  length 

of  the  pendulum,  etc. 
3*   Using  e  slaple  ball  pendulum,  you  will  observe,  record,  end  graph 

the  variation  of  the  period  of  the  pendulum  ee  Its  length  Is  changed* 

4.  Using  several  objecte  from  the  MOD  tray  aa  pendulum  bobs,  you  will 
measure  end  record  their  lengths  when  they  ere  ed J  us  ted  to  a 
period  of  one  second* 

5.  After  viewing  the  fUmloop  Send  Pendulum  I,  and  eft*r  referring  to 
the  Teacher fe  Guide  for  Pondulume,  you  will  construct  e  sand 
pendulum  end  study  Its  behavior  es  you  use  It  to  make  various  sand 
pet terns. 

INSTRUCTIONAL  BEFEREMCES  &  MATERIALS: 

1.  ESS,  PenduliMS,  Teacher's  Guide 

2.  Filmloop,  Sand  Pendulum  I  by  ESS 

3.  Physical  science  texts 

4.  Pendulum  bobs »  strings ,  supports,  tongue  depressors,  resor  blades 
meter  sticks,  timer,  conical  paper  cups,  sand 

FINAL  ASSESSMENT: 

1.  Demonstrate  your  timer  and  sand  pendulum  for  your  ins true cor. 

2.  Bring  to  your  Instructor  the  data  and  graphs  resulting  from  the 
activities  In  the  MOD,  and  be  reedy  to  discuss  your  answers  to 
the  questions  on  pp.  2*3. 


PROCEDURE: 


1.  To  moke  a  staple  timer,  suspend  a  bob  from  a  support  with  tho  bob  swinging 
freely.    Refer  to  ESS,  Pendulums,  p.  49.    Adjust  the  length  of  the  string 
until  one  complete  swing,  to  and  fro,  takes  one  second.    It  Is  better  to  tint 
20  to  40  swings  then  to  tine  one  swing.    The  tine  to  so  to  end  fro  Is  called 
the  period  of  e  pendulum.    You  now  have  a  timer  for  other  activities  In  this 
MOD. 

2.  Using  a  slap  Is  ball  pendulum.  Mature  and  record  the  period  of  thle 
pendulum  for  different  string  lengths. 

Length  Period 


10 
20 


sec 


eec 


30  cm       I  ^  sec 

40  cm  eec 

50  cm  sec 

Formulate  a  statement  about  the  relation  between  the  length  of  the  pendulum 
and  Its  period. 


9iow  thle  relation  between  the  length  and  period  of  a  pendulum  by  graphing 
your  fesulta. 

3.    Using  several  objects  from  the  MOD  trey  a&  pendulum  bobs,  prepare  e 
one-second  pendulum  with  each  and  measure  the  length  of  the  string.  Time 
20  to  40  swings  and  take  an  average. 

Object  Period      Length  of  String  Weight 

Steel  Ball  l  eec 


Glees  Ball  1  sec 

J  2-in  Wooden  Ball  1  sec 

4»ln  Wooden  Dowel  1  eec 

Washer  1  see 
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In  the  •pace  below,  describe  and  compare  the  behavior  of  these  pendulums . 


4.   View  the  fllmloop,  Sand  Pendulum  I,    Refer  to  the  filmloop  end  to 
888,  Pendulums,  p.  45,  and  then  construct  your  own  sand  pendulum.  Experiment 
with  it  to  obtain  various  sand  figures  on  the  table.    Use- paper  under  the 
pendulum  to  cetch  the  sand*   Be  reedy  to  demonstrate  your  send  pendulum  for 
your  instructor. 

Using  the  large  wooden  ball  from  the  MOD  tray,  prepare  a  pendulum 
suspended  from  the  celling.  Start  with  the  bob  8  cm.  from  the  floor. 
Measure  the  period  (a) .  then  shorten  the  length  30  cm.  at  a  time  and 
measure  the  period  each  time  (b-f). 

Distance  from  floor  Period 

a.  8  cm  sec 

b.  38  cm  eec 

c.  __________   sec 

d.  ___________  sec 

e.  *   eec 

^  f.    ^sec 


9 
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The  aeyiafeelea  Ntttiil  waica  you  um  vm  collacted  last  August  or  feet eaear. 
It  mm  preearee  «a  fellows: 

*•   v»  «oUeete4  om  plat  of  eoil-oree*lc  eebria  f roa  the  bottoa  of  a  otroaa 
or  late. 

b.  We  colloetM  aa  eeeorteeet  of  plaoto  ana  leavae  growlaa  soar  too  edge  of 
tho  vatar  or  la  tat  vat or. 

c.  Uo  placed  the  above  iteaa  la  a  galloa  Jar  billed  with  lake  or  atreaa  voter. 
«.  Ho  placed  the  Jar  aad  lta  cootoata  la  a  aara  place  to  allow  the  water  to 
evaporate. 

e.  afur  the  eater lala  were  eeal-dry,  wo  placed  the  cootoata  In  a  pea  and 
otorod  tboa  la  o  dry  place. 

A  variety  of  ortaaleae  preaeat  In  hay-lafaelon  aaterlal  will  grow  and  flourish 
whoa  water  la  added. 

lo   Prspars  your  aquarium  by  adding  two  quarts  of  spring  voter  to  15  grass  of 
hay-infusion  material  In  a  oae-gallon  jar. 

*     Label  tht  aquarium  with  your  mm, 

3*    Tho  aquarium  should  bo  sat  on  tho  window  ladga  of  tho  south  ftt*  of  tho  rpon. 

4.  Make  daily  observations  of  your  aquarium  for  at  least  14  days. 

5.  Find  at  least  seven  organisms  in  ypur  aquarium  and  classify  them  according 
to  your  own  system.    Be  sure  to  record: 

4.    an  observation  and  description  of  the  organism; 

b.  c  a  sketch  of  the  organism  in  which  you  specify  magnification; 

c.  the  identification  of  the  organism. 

Record  and  sketch  your  daily  observations.    Quantitatively  determine  the 
numbers  of  different  kinds  of  organises  in  the  jar  each  day.    Recprd  the 
sequential  development  of  the  organisms.    Each  day  stir  the  contents  Qf 
thev^hay- infusion  jar  before  making  your  observations.    Remove  a  medicine 
dropper  full  of  the  mixture,  place  }t  ina  small  dish,  and  look  for  the 
organise  by  using  a  stereoscopic  microscope.    For  better  identification, 
place  a  drop  or  two  of  the  mixture  en  a  glass  slide,  cover  with,  a  cover 
slip,  and  examine  the  organisms  under  the  compound  microscope.  Take 
careful  note  of  any  environmental  or  population  changes*    Prepare  a  g^raph 
to  show  each  organism's  increase  to  a  certain  point  and  then  decrease, 
stabilization,  or  disappearance.    Hypothesize  possible  interactions 
between  the  organisms  and  environment  to  account  for  this. 
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MOO  158  Spinning  Teblee 
Experimenting* 

OBJECTIVES: 

X.  Given  the  iteue  liated  below  and  the  information  In  the  MOD,  yon 
will  deeigu  and  carry  one  an  activity  In  aoch  a  way  that  tha 
important  variable*  have  baaa  controlled  vail  enough  ao  that, 
eandailng  remark*  ara  mild.  ) 

2,  Given  tha  Itana  llatad  below,  you  will  be  *hla  to  write  a  aclanca 
exerclae  for  fourth  grader*  u*lng  tha  nateriale       "aae  fro. 
ESS,  Spinning  Tabloe  and  correlate  It  to  natarlala  found  In  tha 
BMih  textbook,  Schneider,  in  Tour  Ufa  (4),  "Force  and 

Moving  Thing*,"  pp.  407-222.   Thla  exerclae  will  ha  written  m  a 
process  oriented  Inquiry  sty la.   Ton  will  aaa  If  yon  can  adapt  an 
inquiry  *tyl*  laaaon  to  a  traditional  content  oriented  eclence 
textbook. 

JtSTKDCTIOKAL  BEFEBEMCBS  t  MATERIALS: 

1.  ESS,  fr4wt4"i  Teacher'e  Guide  4  to  be  obtalned  fron  iab  asst. 

2.  Cleat  kit  of  natarlala  for  "Spinning  Teblee^   

3.  Schneider,  Hereon  and  Ulna,  Tour  tlfa  (4),  pp.  219-254,  In 
^  *  Resource  Center 

VllUL  ASSESSMENT: 

1.  Bring  to  your  instructor  all  data  sheete  for  objective  1  end  be 
prepared  to  defend  your  conclusion*.  /The  Inetructor  will  try  to 
find  weaknesses  In  your  conelualona. 

2.  Bring  to  your  instructor  the  exercise  you  have  written  to  complete 
objective  2. 
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iMd  th«  entire  ESS,  tolffi£ai  Trf>1"-  Teacher* ■  Guide  to  lMtn  how  the 
SSiUl  U  ^  in       cuilroo..   Thtn  proceed  with  objective  1  -  en 
el— mtnj  student  In  the  ESS  progran  night  do.  f 

I.    Hess  around"  with  the  naterlale  in  any  way  you  like  end  far  fangas 
yi,  like.   Thia  enables  you  to  see  bow  the  •pinning  tabls  work,  and  to  mo 
tba  behavior  of  mm  objacta  on  it. 


»,   Daaign  and  carry  out  an  activity  of  your  choice  ue^ng  tha  following 
forgot. 

A»    Stat,  in  quaation  for.  theprobla.  you  would  like  to  bo).^ 

Hint  la  tha  relationship  between-  the  weight  of  a  warble  and  the  tine  it 
takes  for  it  to  fall  off  the  spinning. pegboard? 


B  State  a  hypotheaia  baaed  on  Intuition  fro.  previous  •xperience.  For 
*'  ThThtavier  the  ball  the  sooner  it  fall,  off  the  pegboard. 


C.   State  possible  variables  thut  night  be  related  to  the  P™|*»\  *ot  5  * 
exeepleTDiameter  of  the  sphere,  wtwr-  it  i*  placed  on  the  table, 
spaed  of  wheel,  etc.    « 
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D.   teat*  how  you  would  control  all  tho  variables  except  tho  variable  In 
your  hypotonia.   For  eMMla:   To  control  tho  dlaMter  variable  of  tho 
aarble,  OM  two  noxblM  of  tho  mm  also  but  of  different  weights. 


I.   Carry  out  tho  experlMat  for  aeveral  trlele  by  controlling  tho  verieblM^ 
Motioned  In  D  end  record  your  results. 

trial  #1  ^ 
trial  #2 
trial  #3 
Trial  #4 

Trial  #5   


etc. 


f.   Accept  o£  raject  your  hypothesia  and  stat«»  a  conclusion  bMod  on  your 
date. 
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3.   Bead  Chapter  7,  "Force  and  Moving  Things,"  in  to*  4th  grade  •clone*  hook 
by  Bamen  and  Hint  Schneider,  Selonco  In  Tour  Lift,  pp.  219-254  .   Create  an 
infinity  eethod  exorcise  for  4th  graders  on  the  concept  of  force  and  notion 
utlng  the  eater lals  of  ESS,  Srlnnina  Tables.   Follow  the  forest  of  the 
Schneider  text  under  "Experiment"  and  "Problees . "  Safer  to  pp.  222-223  .  If 
yen  read  Che  experlaent  on  p.  222  end  the  topic,  "Reaiatance  and  Friction, 
p.  223 ,  you  night  notice  that  a  perceptive  student  could  find  the  snewers 
hy  careful  reading. 

In  dealgnlng  your  lesson  try  to  evdid  writing  an  experiment  with  Just  one 
possible  "snsver"  end  also  try  to  fvold  questions  to  which  answers  are,, 
obvious.  ! 
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MOD  159  Organism* 

Observing,  classifying,  inferring 

OBJECTIVES:  '  « 


ISMEP 


for  two  weeks t 


After  preparing  a  hay-inf  us  ion  aqunriuro  ant!  observing  it 
you  will  be  able  to:  \\ 
1.    set  up  an  aquarium  using  hay-infusion  materials^ 

describe  day-by-day  changes  in  the  physical  appeaeance  of  the 
aquarium  over  the  two  week  period;  \\* 

appear  it. 


2. 
3. 
4. 
5. 
6. 


describe  the  sequence  in  which  different  organist  appear  iu  the 
aquarium  during  the  two  week. period}  i  \* 

set  up~a  classification  scheme  for  the  organism  you  saw  in  your 
aquarium; *  I  H 

make  inferences  about  why  population  numbers  lncreaaejd  or  decreased 
at  different  times  during  the  two  week  period;       \  \ 
apply  the  following  concepts  to  everyday  si  tuatlor«*j  other  than  the 
examples  in  this  MOD: 


a) 

organism 

g) 

herbivore 

m) 

parasite 

b) 

death 

h) 

food  web 

n) 

host 

c) 

food  chain 

i) 

carnivore 

o) 

producer 

d) 

birth 

j) 

oranivore 

P) 

consumer 

e) 

habitat 

k) 

predator 

q) 

decomposer 

O 

detritus 

1) 

prey 

r) 

scavenger 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 


1. 
2. 

3a 

4. 

5 . 
6. 


SCIS.  Organisms,  Teacher's  Cuiile 
ESSy  ^ond  Wat*»r,  Tether's  Guile 
SAPA,  94,  Smgll  Water  Animnls 
ESS,  Small  Things.  X.  ncKcr's  Gjide 

General  biology  text      tl;c  sect  ions  about  'ood  chains  and  food  webs 
Gallon  jar,  distilled  water,  materials  fo~  making  ha;. -infusion t 
compound  microscope,  stereoscopic  microscope  and/or  hand  lends,  slides, 

cover  slip*!,  anJ  pip^ttr 

Smith,  Robert         Ecology  and  field  Biology,  2nd  Edition,  Harper  and 
Row,  pp.  '*2-o2,  cap*,    tally  pp.  42-54.  f 


FINAL  ASSESSMENT: 

During  your  oral  evaluation  wiih  the  instructor: 

1,  Present  descriptions  oi  the  organisms,  sketches  of  the  organisms,  and 
the  identif icatioii  of  rnos<'  organisms  according  to  the  classification 
system  which  you  used, 

2.  Discv:  s\nd  suppot t  plausible  reasons  for  (a)  the  sequential  . 
appearance  ol  orgrnisma  in  the  aquarium;  (b)  the  resulting  envtf- 
onmental  change;  (c)  the  increase  in  organisms  to  a  certain  point 
and  their  resulting  decrease  or  point  of  stability. 

*.    See  objective  6.  '  Q  * 
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laa  hayiafvalaa  aatatlal  which  you  un  wm  collactad  Utt  August  or  faataahar. 
It  waa  praaarad  «•  follow*: 

a.  Ha  collactad  om  plat  of  aall-brgaelc  dabrit  f roa  tha  bat tea  of  a  atraaa 

or  Ufco. 

b.  Hi  collactad  an  asaortaaot  of  ploato  and  laavaa  crowing  oaar  tha  odgo  of 
tha  watar  or  la  tha  aatar. 


V  !*  lht         1*—  *»  •  t*lto»  Jar  llllad  with  laka  or  acraaa  watar. 

a.   Ma  placad  tha  Jar  aad  Ita  eoataata  la  a  warn  plaea  to  allow  tha  watar  to 
avaporau. 

a.   Altar  tha  aatarlaU  wara  aaal-dry,  wa  placed  tha  eoataata  la  a  paa  aad 
atorad  thaa  la  a  dry  plaea. 

A  variety  of  orgaalaas  praaaat  la  hay-lafaaloa  aatarlal  will  grow  aad  flourlah 
whan  watar  la  added. 

l.   Prapare  your  aquarii*  by  adding  two  quarts  of  epring  water  to  IS  grams  of 
hay-infueioo  material  in  §  one -gal Ion  jar. 

7     Labal  tha  aquarium  with  your  naaa. 

U    Tha  aquariua  should  be  eat  on  tha  window  ladga  of  tha  south  sida  of  tha  roott 

4.  Make  xiaily  observations  of  your  aquarium  for  at  least  14  days. 

5.  Find  at  least  seven  organisms  in  your  aquarium  and  classify  them  according 
to  your  own  system.    Be  sure  to  record: 

&•    an  observation  and  description  of  the  organism;  * 

b.  c  a  sketch  of  the  organism  in  which  you  specify  magnification; 

c.  the  identification  of  the  organism. 

Record  and  sketch  your  daily  observations.    Quantitatively  determine  the 
numbers  of  different  kinds  of  organises  in  the  jar  each  day.    Record  the 
sequential  development  of  the  organisms.    Each  day  stir  the  contents/of 
thev^hay infusion  jar  before  .-taking  your  observations.    Remove  a  medicine 
dropper  full  of  the  mixture,  place  ;lt  in  a  small  dish,  and  look  for  tha 
organising  by  using  a  stereoscopic  microscope.    For  better  identification, 
place  a  drop  or  two  of  the  mixture  on  a  glass  slide,  cover  with,  a  cover 
slip,  and  examine  the  organisms  under  the  compound;  microscope.  Take 
eareful  note  of  any  environmental  or  population  changes*    Prepare  a  graph 
to  show  each  organism's  increase  to  a  certain  point  and  then  decrease, 
strabi1  izatiron,  or  disappearance    Hypothesize  possible  interactions 
between  the  organisms  and  environment  to  account  for  this. 
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MU>  i*>0     lifticdiuri^o.  t.    StanJ.ii  «1   >'*d  N.*n- st  judai  *!  Measurement  "nits 

M  ,   .  .  Mer^urwieni   involves  an  attriSute,  .1  unit,  the  comparison  of  a 
quantity  of  the  a'ti  unite  with  the  tnM,  jml  tUv   issiKfisncnt  uf  a  fibber 
to  the  quantity  of  the  attribute."  MV,  M^n-tu  •  nn-iit    This  M<">  is  designed 
»  •  pi  wide  experitine  with  ea»  h  of  fh.-si-  pr  »(i»sm's, 

"*JECTIVF.S: 

At  the  cuhclu;  >n  of  t        MO*  ;-u  *  should  he  able  to. 
I.     Nair.M  <u.me  attrlbut  .-s  and  lei ■  how  they  ml  ht  bo  measured 
quant i'.fjt  ivoiy. 

J.     Illustrate  <**me  iu  a-sta»«dard  units  of  measure  and  describe  some 

•idv  intakes  ".rid  disadvantages  of  the  units, 
t.     Name  the  r,.mm'>n  units  of  linear  measurement  tn  thr  rnfttlsh 
*.->ystem  and    .atv  the  relationship  am*av  thcr:. 
Name  the  comwn  ^ni»r;  (HLIlnorr  measurement  in  the*  metric  system 
and  state  the  rotatlonshipSatnong  them, 
*  Change  a  me.  suremcnt  from  ort^  F.nrji'h  unit  to  anu  her  ^r  from 
one  -etT*  1  unit  to  another. 

6.  Describe  some  major  advantaj»esjef  the  metric  system  for  naklng 
linear  measurements  and  calculations. 

7,  Make  reasonable  linear  estimates  in  metric 0units. 

INSTRUCTIONAL  REFERENCES  AND  MATF.R1AI.S : 


1.     MMP,  Measurement 
.2.     Meter  sticks  ^ 
\.     Balance  scales 

1  iter  contaMicrs 
V     HoTee  cup 
h.     Pr ink  f n£  tflass  . 
7.     Poor  kev 

8-    Filmstrips/icfpes:    Jil^tory  «  f  t he  Metric  System  and  Advantages 
of  the  Metric  S\ _s  c-?  v  - 

INSTRUCT  ONS: 

In  the  MMP,  Measureme t%  reai  the  introductory  material,  pp.  5-16. 
Answer  the  questions  or  pe  form  the  < xercises  for?    Activity  1;  items  2, 
3,  anu  4,    Activity  2;  ite  is  1,  2,  3.  and  A.    Activity  3;  items  1,  2,  3f 
4f  am!  5.    Listen  to  the  t  pt  and  vi  w  the  filmstrip  for  each  of  History 
of  the  Metric  System  and  A  vantages  ;  f  the  Metric  System* 

FINAL  ASSESSMENT:  - 

1.  Bring  all  papers  io%t';c  vva  uation. 

2.  See  ob|ee>  ves.  *^w„^ 

3.  Re  prepared  to  di  *c>ts*  w*ur  records  and  the  film«tripa  with 
the  instructor. 
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MOD  161  Defiiiing  Operationally  (Group  Activity)  (SAPA)  N 

Anelyale  of  mixtures  — 1 

DEWHIMG  OPERATIONALLY. 

"Scientists  state  operational  definitions  in  ton*  of  'what  you  do  or  what 
operation  you  perform'  and  Iwhat  you  observe "....In  [thie  SAPA  sequence,  / 
students}  will  be  expected  to  define  tern*  in  the  context  of  their  own 
experiencee.  *They  Cany)  not  use  an  operational  definition  that  would  be 
entirely  acceptable  to  scientists,  but  they  should  always  use  the  criteria 
applied  by  scientists  in  constructing  their  definitions.  That  la,  they 
should  strive  to  state  precisely  what  to  do  end  what  to  observe  in  order  to 
Identify  the  ten  being  defined."   SAPA,  Supplement  to  the  Guide  for 
Inaervice  Instruction,  p*  9. 


OBJECTIVES: 


1.  Given  5  powders,  3  teet  solutions,  and  aoae  materials  for  conducting 
a  heat  teet,  you  will  find  out  ell  you  can  about  eech  of  the 
powders  through  observing  then  end  their  reactions  in  any  teat 

y  you  can  Invent.    Record  your  findings  on  the  .blackboard  and  in 

the  spaces  provided  on  the  following  pages. 

2.  Saving  investigated . the  5  powders,  you  will  define  eech  ct  then 
operationally  and  classify  them  according  to  t'aeee  definitions. 

3.  Given  samples  of  3  unknown  powders  containing  combinations  of 

2  or  acre  of  the  5  mystery  powders,  you  will  use  knowledge  gained 
in  objective  1  to  Identify  the  components  of  the  unknowns. 

4.  Select  et  least  3  obje  ts  from  your  everyday  world  and  formulate 
operational  definitions  that  would  enable  e  person  unfamiliar  with 
the  objects  to  identify  them  from  your  definitione. 

IHSTRDCTIONAL  REFERENCES  &  MATERIALS: 

1.  SAPA,  67  ,  Identifying  Materials  g 

2.  SAPA,  Analysis  of  Mixtures 
J.   ESS',  Mystery  Powders 

4.  5  powders 

5.  3  test  solutions 

6.  Vsx  peper,  souffle  cups,  toothpicks,  candlee,  aluminum  foil 
FINAL  ASSESSMENT: 

1.  Present  your  operational  definitione  and  your  classification  scheme 
to  your  instructor.    See  objective  2. 

2.  Present  your  analysis  of  the  unknowns  and  be  ready  to  defend  your 
decisions  about  Which  powders  are  present.    See  objective  3. 

3.  See  objective  4. 
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Given:   Pouter*  1,  2,  3«  4,  5 
Test  solutions  A,  B,  C 
Candles  and  aluninua  foil  for  host  test 
Unknowus  X,  Y»  Z 

Find  out  all  you  can  about  tht  powders  by  observing  then  and  their  reactions 
to  heat  and  to  the  teat  solutions.   R—snber,  observing  nay  Involve  any  or  all 
of  the  five  senses.   As  you  construct  your  own  date  sheets  share  your  knowledge 
by  contributing  to  the  large  data  sheet  sketched  on  the  blackboards 

DATA  SBEjET:    Discrepancies  should  be  resolved  before  proceeding  to  pp.  3-4 
of  this  MOD."  — 


d 
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Defining  operationally:  Classifying 

An  operational  definition  ia  one  stated  in  terms  of  oparatlana  performed,  or 
"what  you  do,"  and  the  perceived  uaults  of  thoee  operations,  or  "whet  you 
observe.5  The  following  example  ia  an  operetional  definition  of  carbon  dioxide. 
Carbon  dioxide  ia  a  colorleee  gee  that  will  auf foeate  fire  and  that  will  turn 
liaeweter  milky  when  it  ie  blown  into  the  linewater. 

In  the  apace  below,  foraulate  operetional  deflnltlone  for  each  of  the  5 
powder t.   On  the  reveree  aide  of  this  eheet  conatruct  a  classification  key 
which  different iataa  in  operetional  tarns  between  the  5  powder ■.   Be  conclee. 
Uae  categories  that  are  mutually  excluaive.   Recall  MOD  102  in  which  you 
claaeified  objects  using  mutually  exclusive  descriptions. 
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Using  mall  staples  of  unknown  powders,  try  to  identify  thai  ss  combinations 
of  two  or  sort  of  ths  original  powders  with  which  you  vorkad.   Give  your  \ 
conclusions  and  the  taata  from  Which  thay  raaultad  in  tha  apaca  below:  \^ 

I  conclude  that  X  contains  powders  bacausa 


I  conclude  that  Y  contains,  powders  because 


I  conclude  that  Z  contains  powders  ,  because 
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MOD  l&T   Planets  and  Bright  Stars  in  the  Current  Sky 
ComnmnicatiiteH  inferring 


PREREQUISITE: 


An  introductory  seasion  will  be  given  by«  the  instructor 
for  the  students  who  choose  this  MOD.     This  will  inclucfe 
a  lecture  on  magnitude  scale  and  the  celestial  sphere, 
and  a  study  session  in  the  planetarium. 


OBJECTIVES: 

•  • 

1.  Using  the  celestial  globe,  you  will  estimate  the  right  ascension 
of  s  veral  bright  stars  to  the  nearest  4  minutes  and  the  declin- 
ation to  the  nearest  degree.  Compare  these  estimations  with  the 
values  given  in  tables  provided  by  the  instructor. 

2.  You  will  mark  on  the  celestial  globe  the  positions  of  the  sun  and 
the  naked--eye  planets  for  a  givtm  observation  day.    The  instructor 
will  provide  the  coordinates  required.    Given  the  time  of  sunset 
for  this  day,  you  will  estimate  the  time  of  rising  and  setting  of 
each  naked-eye  planet  and  its  time  of  transit  of  the  meridian. 

3.  Using  the  celestial  globe  and  observing  the  real  sky,  you  will 
*  answer  correctly  the  questions  on  the  following  pages. 

A.    Given  observation  of  Polaris  in  the  north,  you  will  write  down  a/ 
method  of  estfrntioti  for  position  of  the  celestial  equator  in  the 
1  night  sky. 

5.     Given  the  planetarium  pointer,  you  will  point  out  on  the  planetar- 
ium ceiling    and  name  the  following  stars  and  constellations:^- 

a)  Polaris,  Betelgeuse,  Rigel,  SLrius,  Pollux,  Castor,  Capella, 
Aldebaran,,  Deneb,  Vega.  v 

b)  (  Big  Dipper,  Little  Dipper,  Cassiapeia,  Cepheus,  Orion, 

Major.  Gemini,  Auriga,  Taurus,  Lyra.     Show  outlines  as  given 
on  -star  maps. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS 

1.  Levitt  and  Marshall,  Star  Maps  _f  or Heginners 

2.  Celestial  globe,  masking  tape,  a  flexible  transparent  scale 

3.  Astronomy  textbooks 

4.  Maryland  Academy  of  Sciences,  The  Graphic  Time  Table  of  Lhe  Heavens, 
annual  publication 

5.  NoVa-3  planetarium  proiector(a  demonstration  showing  by  the  instructor) 
FINAL  ASSESSMENT: 

1.  See  objectives  above. 

2.  Report  to  the  instructor  with  the  globe  set  for  the  latitude  pi 
your  location  and  with  the  sun  and  planet  tape  marks  in  place. 

3.  Bring  your  flexible  scale. 


) 
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PROCEDURE: 

Tim  (toeuitrx  for  thlf  HOD 

CELESTIAL  SPHERE*    The  apparent  ephere  on  whlc£  the  celeatlll  bodies  appear 
projected.    The  position  of  the  obeerv^r  It  at  ^te  can tar.    Aa  a  reeult  of 
Clio  earth' a  rotation  from  west  to  east/ the  celeatial  apbara  statu  -to  turn 
fro*  fast  to  vast. 

ZENITH:    Tha  point  on  the  calaatlal  aphara  above  the  observer  which  Is  directly 
%  opposite  tha  direction  of  gravity. 

NADIR:    The  point  on  the  celestial  sphere  below  tha  obaerver  which  la  In  the 
.   same  direction  aa  the  direction  of  gravity • 

GREAT  CIRCLE:    Any  circle  which  bisects  tha  celestial  sphere. 

i, 

HORIZON;    The  great  circle  on  tha  calaatlal  sphere  90°  from  tha  tenith.  For 
an  obeerver,  the  horizon  la  cmaonly  called  the  line  where  the  sky  use t a 
the  earth. ' 

VERTICAL  CIRCLES    Any  great  circle  which  passes  through  tha  zenith.    It  also 
is  any  great  circle  at  right  angles  to  the  horizon. 

CELESTIAL  MERIDIAN:    The  great  circle  which  passes  through  the  zenith  and 
the  north  and  south  point  a  of  the  horizon. 

COORDINATE:    In  mathematics,  any  magnitude  of  a  system  of  two  or  more  magnitudes 
•  used  to  define  the  position  of  s  point,  line,  curve,  or  plane.    On  tlie 
celeatial  sphere,  two  numbers,  or  coordinates,  are  needed  to  uniquely 
apeclfy  any  point. 

HORIZON  SYSTEM  OF  CELESTIAL  COORDINATES:    The  celestial  object  is  located  on  e 
baniepherlcal  sky  that  Is  fixed 'and  determined  by  the  observer  fs  horizon 
and  zenith.    The  two  coordinate  mothers  are  altitude  .and  azimuth. 

ALTITUDE  AND  AZIMUTH:    Refer  to  the  discussion  of  these  terma  in  an  astronomy 
text. 

'CELESTIAL  EQUATOR:    The  projection  of  the  earth'e  equator  onto  the  celeatial 
aphere.  * 

CELESTIAL  NORTH  AND  SOUTH  POLES:    The  project  lone  of  the  earth1  a  north  and 
south  poles,  respectively. 
* 

EQUATORIAL  SYSTEM  OF  CELESTIAL  COORDINATES:    Th*" celestial  object  le  located 
on  e  epherical  sky  that  moves  and  that  la  determined  by  the  orientation  of 
the  earth1 a  polee  and  of  the  equator  In  apace.    Tha  two  coordinate  numbers 
are  declination  and  right  ascension*.     *  K> 

y 

DECLINATION  AND  RIGHT  ASCENSION:    Refer  to  the  discussion  of  these  terms  in 
an  astronomy  text. 
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BODE  CHICLE:    A  greet  circle  la  the  equetor  systea  which  pastes  through  • 
specif isd  point  on  ths  cslsstisl  sphere  sad  ths  cslsstisl  pols.  Boor 
clrclss  srs  ths  ssas  ss  cirdec  of  right  sscenslon.   Both  srs  half-circles 
from  pols  to  pols.   Hour  circles  asy  hs  coosldsrsd  ss  find  slthsr  on  the 
turning  cslsstisl  sphers  or  fixed  with  respect  to  the  observer,  ss  is  ths 
cess  with  his  cslsstisl  neridisn. 

CELESTIAL  GLOBE:    A  nodsl  of  the  celestial  sphere. 

Most  of  thsss  dsflnltlons  snd  ths  following  activities  have  been  adapted  froa 
activity  snd  observation  sheets  constructed  bj  B.C.  Victor,  Abraas  Plsnstariun, 
Michigan  Stats  University. 
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Before  you  begin,  lofeate  the  following  on  the  celestial  globe: 

Key  to  symbols  lad  lea  ting  brightness  of  stars 
North  celestial  pole 
South  celestial  pole 
Celestial  equator  «* 

Parallels  of  declination  t 
Hour  circles  or  circles  of  right  ascension 
Horizon  —  Zenith  —  Nadir 

Meridian  circle  -  note  two  different  scales  on  It}  what  do  they  measure? 
Constellation  outlines 
Constellation  boundaries 

Ecliptic  h 


In,  the  following  pages ,  "today"  and  "tonight" „refcr  to 


(date) 


I,    Using  a  snail  piece  of  masking  tape,  carefully  mark  the  position  of  the 
sftn  and  the  naked  eye  planets  on  the  celestial  globe.    Write  onjy  on  the  tape, 
not  on  the  globe.    One  letter  or  symbol  Will  Identify  the  celestial  object 
you  locate.    The  following  table  of  coordinates  applies  to  (date) e 

« 

Celestial  Astrological  Right 

Object  Symbol   Ascension  Declination 


6 
-*- 

o 

+ 

**- 

K 

J 

MS 
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Set  thf  globe  for  the  latitude  of  your  city  <Murray-36.5°N)  and  rotate  it  until 
the  tun  la  at  ita  aettiag  position  for  the  day  of  .  * 


On  thia  day,  sunset  occurs  at 


circle  le  at  the  meridian?  | 

hour  circle  la  at  the  meridian? 


jC.SeT.   At  sunset  time,  which  hour 
•    At  one  hour  after  sunset  tlae9  which 


2.  Discuss  with  the  instructor  involved  the  present  positions  of  the 
planets, visible  at  this  time.    Use  this  information  for  #3  below. 

What  is  the  azimuth  and  altitude  of  the  sun  at  sunset  today? 

.   a  and  *  

3.  Which. planets  are  above  the  horiaon  at  sunset  -today?  these  planets  are 
called  "evening  a  tare.11   Give,  their  altitudes  and  aslauthe  at  euneet. 


Planet 

Altitude 

Azimuth 

A 

4.    Advance  tits  glob*  to  a  position  corresponding  to  one  hour  sfter  sunset.  At 
this  tiae  the  sky  is  dark  enough  for  ovservation.    Without  stating  values  of 
altitude  and  asiouth,  describe  in  your  own  words  where  you  would  find, every 
planet  visible  at  that  tiae. 


i.  Deft 


5.    Defter ibe  where  the  Big  Dipper  is  one  hour  sfter  sunsst  "tonight." 
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6.   Make  a  ekatch  of  the  Big  Dipper  as  it  appears  on  the  celestial  globe  and 
Lth«r\ketch  a*  itrappearl  on  a  .tax -p.    Sketch  also  it.  appears,  in  the 
real  sky.    Explain  the  chief  differences  in  the  sketches. 


7i  List  all  first  magnitude  stars  which  are  visible  at  7,00  p.m.,  C.S.T.and 
deecribe  their  approximate  locations.  Be  accurate  enough  so  that  an  observer 
would  be  able  to  find  them,  and  also    Sive  their  azimuths  and  altitudes. 


Star 


Mrec^^A^udhT*        Dlatance  above  Horlson  (Altitude) 
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8. 


t 

Advance  the  globe  until  the  sun  is  at  its  rising  position.  Does  the  sun 
rise  exactly  in  the  easr~atomorroj*?"   Where  does  it  rise? 


9.    Which  planets  are  above  the  horizon  at  Sunrise?    These  are  called 
^"morning  scars/' 


10.    Without  using  values  of  altitude  and  azimuth,  tell  where  you  would  look 
for  the  above  planets  one  hour  before  sunrise. 


11.    List  all  first-magnitude  stars  visible  one  hour  before  sunris^  and  — 
describe  their  approximate  locations.    Be  accurate  enough  so  that 
^  another  observer  would  be  abJe  to  find  them,  and  also      give  theitew 
azimuths  and  altitudes.  ,  a 

r  '   -  " 

Star                                    Approximate  Location                      ^Distance.jiboye  . 
;  (   -  Direction  (Azimuth)   Hori2^on  (Altitude) 


12.    Give  the  name  of  the  constellation  which  curreritly^&grves  as  a  background 
for  each  of  the  following: 

Venus   t   Mars   x  

Jupiter   Saturn 


\ 
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13.    Seed  the  right  ascension  and  declination  of  8  of  the  fir»t-«agnitude  start 
from  the  glob*.  "  Conpare  your  readings  vith'  the  values  liven  in  astronoaieal 
tablet.   There  are  15  each  etare  visible  fro*  locations  at  45°H  latitude. 


*> 

R.A.  Decl. 

RVA.  Decl. 

- 

\ 

■                           "  } 

« 

( 

- 

 5^ 

■  ^?rr 

**> 

1 

1 


o 
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MOE  165  linear  at^  Angul  ir  Measurement  - 

Ietermiaing  circ  imf  erence-diametjer  relationships  of  circular  objects 

"Rclatvie  motion,  directions,  angles  and  certain  other  concepts  occur  early 
in  the  S/PA  hierarchy  for  using' distance  relationships.    Later  in  the.SAPA 
sequence  .  .  .  the  principle  of  rate  of  change  occurs  frequently.  This 
includes  rate  of  change  of  position,  rate  of  growth  of  a  plant,  angular 
speed  and  others 


OBJECTIVES: 


1.  Given  the  materials  listed  below,  complete  the  following  exercises. 
You  will  state  a  rule  relating  the  diameter  and  circumference  of  a 
circular  object.  j*  * 

2.  Given  its  angular  speed*  and  its  radius  or  diameter,  you  will 
state  and  apply  a  rule  to  find  the  linear  speed  of  a  rolling  wheel. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

_}  #   

1.  MMP,  Measurement ,  Activity  7 

2.  Thread  / 

3.  Circular  objects  of  your  choice  suah  as  lids,  cups,  and  bottles 

4.  Reading  supplement,  page  3  of  this  MOD 

5.  Ruler 

>         6.  Compasses 

FINAL  ASSESSMENT: 

Bring  your  data  sheets  to  the  instructor  and  be  prepared  to  discuss 
your  data  and  describe  or  perform  any  of  ^fche  activities  in  this  MOjj). 


9 
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D<   Ac'tJUfty-7,  A?mH  1,  2%    5,  ^iraw  seven  ci  *:it!S   >f  different  size), 
4.  5f  6    7%  and  .^fn  MMP,  W«' \eineiit .  ^\ 
S*  lect  «  ne  of  tht*  circular  uajej:ts  from  activity  1  and  use  its  4 
(i  ameter  to  measure  at  leant  5  ii3tances  in  the  room  such  as' the" . 
length  rf  a  rafcle.    Take  the*  sane  circular  object  and  measure 
these  same  5  distances  by  us lag  the  circumference.     Record  your 
data  below. 


OBJECT  DIAMETERS  .  ROTATIONS 


i. 


3. 





ft  .ate  ari  apply  a  rule  relatinr  the  circumference  and  diameter  of 
a  o  ire  it  .  _  / 
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•  DEf  INITK  S  FOR   iNGULAR  SPEED 


I£  the  radius  of  a  circle  revolves  at  a  uniform  rate  in  a  plane 
abok  its, center,  the  angle  through  which  it  revolves  in  a  unit  x>f 
titte^i^  called  its  angular  speed.    The  distance  a  point  on  the  circum- 
ference (where  the  radius  ends)  moves  in  a  unit  of  time  is  called  its 


linear  speed. 

The  angular  speed  of  the  second  hand  of' a  watch  ■  J360    »  2 TT  radians 
»  I  revolution  perminute.    If  the  hand  (radius  of  the  circle)  is  .5  inches 
in  length,  the  linear  speed  o\  it^  tip  (point  on  the  circumference)  is 
21f(.5)  ■  fl  inches  -  3.14  inches  petminute.    Therefore,  the  linear  speed  of 
a  pdint  at  the.  end  of .  the  ^^^adius  is  equal  to.  the  angular  speed  times.xhe 
radius.  a  \  / 

EXAMPLE:  -  " 

The  rear  wheel  of  a  wagon  has  a  radius  of  2.5  feet  and  is  revolting 
at  16  revolutions  per  minute.  "What  is  the  linear  speed  of  a  point  on  the 
rim  in  miles  per  hour?  w  f 

Solution. 

J.    16  revolutions  -  16(211 )  *  .32^  radians  since  there  are  2H radians 
in  1  devolution. 

2.  Linear  speed,*  3211(2.5)  «  80lTfeet  per  minute. 

3.  Linear  speed  ■*  BOH  (60)  *  480011  feet  per  hour  since^  there  are 
60  minutes  in  1  hour*      j  {     %  ■ 

4.  Linear  speed  -  8(Hl* 60     miles  per  hour,,  since  there  are  5280  feet 

l  •  -        5280  ...  j 

/         .    in  1  mile.  9 

5.  Linear  speed  *  48Q0Tt    miles  per  hour  =  10T[   *  2.86  miles  per  hour. 

5280~  v  11 

x  *  *  • 

3..  Fill  in  the  table. 


Rad ius  /  Angu lar  Speed   Linear  Speed_ 

 7  

5*.  28  cm  ,  t376  radians  /minute 

2.376  feet   ,  4.108  radians/hour 


13*  ni  ,  _ 


.812  m/min 


.13.:  cm  34.8  cm/min 

3.13  revolutions/min  59  inches/rain 

26  niles  3  radians/  hour  <  78  miles  per  hour 
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MOD  164  Models  for  Celestial  Motions 

Predicting,  using  •once- tine  relationships 

OBJECT 1 VIS: 

1. ^tiB  a  direction  for  the  eun'o  rsys  and  youeelf  acting  as  the  earth, 

you  will  demonstrate  rotation  of  the  earth,  sunrise,  midday,  sunset, 
and  midnight.  Given  various  objects  to  represent  noon,  planets,  snd 
stars,  rotate  snd <denonstrete  their  rising  snd  setting. 

2.  Given  objects  in  the  room  as  sun  and  atare  and  yourself  acting  as 

.    the  earth,  you  will  demonstrate  the  revolution  of  the  earth  about  the 
Sun,  the  apparent  veat-to-eaet  notion  of  the  sun  through  the  stars, 
and  the  aeeeonal  change  of  constellations. 

3.  /? Given  s  direction  for  the  sun's  raya,  ar  object  in  the  room  as  a 

noon  and"  yourself  acting  as  the  earth,  you  will  demonstrate  the 
revolution  of  the  moon  about  the  eerth  end  the  tines  of  moon  rise  and 
noon  aet  for  the  various  phases  of  the  noon.  • 

4.  a.   Given  an  object  in  the  room  as  a 'sun  snd  s  person  aa  one  of  the 

Inferior  planets  inside  f.he  earth* a  orbit,  and  youeelf  acting  ae 
the  earth,  you  mill  demonstrate  the .appearances  of  the  planet  ( 
east  or  meet  of  the  sun,  ss  en  "evening  stsr"  or  "morning  star, 
reapectlvely.   You  will  indicate  positions  of  superior  and 
inferior  conjunction  and  of  maximum  elongation, 
b.   Given  an  object  in  the  room  aa  a  sun  and  a  person  ss  one  of  the 
,  »  superior  planets  outside  the  earth* a  orbit,  and  yourself  i  ting 

as  the  earth,  you  will  demonstrate  the  following  phenomena: 
conjunction,  quadrature,  opposition,  and  retrograde  notion. 

5.  You  mill  describe  an  alternate  way  of  demonstrating  any  one  of  he 
celestial  notions  mentioned  In  objectives  1-4  using  simple  mat  .rial 
objects.  , 

JJSHUCTIOBAL  REFERENCES  &  MalSRI/XS: 

This  MOD,  pp.  2-7 

FINAL  AS8E8SMENT:  .  <\ 

1.  \Be  prepared  to  demonstrate  the  motions  described  in  objectives  1-4 
as  your  instructor  indicates  objects  in  the  room  that  represent 
caleetlal  bodies. 

2.  See -objective  5. 


V, 
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1.   lotatlon  of  the  earth 

Ut  yariooe  wmi  or  object*  around  the  roon  repreeent  the  mm,  •pon.planete, 
and  SIT  Too  repreeent  an  obecrwcr  on  the  rotating  eerth.   Slowly  "rotate' 
cooaterelockwise  wi^  your  one  extended  etrel^ht  fro.  your  eldee.   Your  left 
am  Indicate*  the  direction  toward  the  aaetern  horlron  and  your  right  era 
Indicate*  the  weetern  horlaon.   with  the  direction*  of  weet  and  east  dependent 
upon  your  right  and  left  eldee,  south  and  up  will  always  be  the  way  you  face 
whlL  mth  dad  down  will  always  be  at  your  back.    For  example,  If  you  begin 
•Tin  the  diagram,  the  noon  appear*  In  your  southeastern  sty  and  the  sun  appears 
la  the  soutbweetV  As  you  turn  one-eighth  (1/8)  of, a  circle,  the  noon  seems  to 
■owe  from  southeast  to  south.   The  sun  Men*  to  wove  fron  southwest  to  west 
where  It  eats  at  the  position  Indlceted  by  your  right  Continue  the 

rotation  so  that  all  of  the  objects  In  the  sky  appear  to  rlee and  to  set.  Note 
aepaclelly  the  positions  that  correspond  to  midday  and  midnight.  < 


br^rs 
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2.   Revolution  of  the  Earth 


Capricornus, 


The  eerth'a  revolution  la  orbit  wound  the'  nun  mikes  the  sun  seem  to  move  from 
^t^o  Lit  SrmS  the  sodikc  over  eech  veer.   This  expleins  why  evening 
constellations  change  with  the  seasons. 

„.  obeerver  on  a  rotating  earth  aa  In  the  demonstration  of  ^.tivity 
T?E^£ZZZ* p2*V2  object  renreeauttog  the -un  ^coun.tjr- 
ciocl«S  direction  in  a  swmll  "orbit."  R^.rMent  the  constellation,  of  the 
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his  evming  ik>%    '  here fore,  the  season  Is  winter.    As  he  sees  the  sun  go 
down  li  his  test,  *.e  sees  Gemini  come  up  In  his  east,    kz  midnight  when  the  sun 
is  dirictly  aehlnd  him,  he  sfees  Gemini  In  his  sou*  ,  Uo  in  his  east,  and 
Pisces  In  his  west.    The  observer  revolves  to  position  B,  watching  the  sun  as 
he  goe*.    It  wij.1  seen  to  him  tSat  the  sun  oaves  'hroush  the  constellation 
Sagittarius,  toa Caprlcornus,  to  Aquarius,  tc  Pisces.    In  his  sky,  this  is  a 
west* to-east  motion  of  a  quarter  circle  corresponding  to  the  quarter  revolution 
he  made.    At  B,  the  observer  sees  the  sun  against  autumn  stars  by  day.    in  hi^ 
evening  sky,  he  sees  the  spring  stars,    this,  the  season  is  spring. 

*  < 

Next,  Let  the  observer  revolv*  to  position  C,  then  to  D,  and  finally  back  to  A. 
The  su*  apparently  will  have  made  a  complete  west-to-east  circie  through  the 
zodiac .    The  constellations  will  have  made  their  apparent  annual  east-to-west 
trip  a:ross  the  observer's  sky. 

V 

3.    The  Changing  Shape  and  Positions  of  the  Moon 

As  an  observer  on  a  rotating  earth,  let  your  extended  left  arm  determine  the 
direction  of  the  eastern  and  your  extended  ^right  arm  determine  the  direction 
of  the  western  horizon.    With  this  convention  you  can  demonstrate  the  reasur. 
for  the  noon1 8  phases.    You  can  also  obtain  approximate  times  of  moonrlse  and 
mo  .set  in  terms  of  sunrise,  midday,  sunset,  and  midnight.    You  need  one  object 
af  your  stationary  sun  and  another  object  as  'your  revolving  moon.    As  rotating 
earth  you  will  turn  in  place,  that  is,  you  will  not  revolve  about  your  sun. 
The  diagrams  Illustrate  how  you  will  perform  these  demonstrations.  Assuming 
that  sunrise  is  6  a.m.  and  sunset  is  6  p.m.,  the  estimations  obtained  in  the 
activity  below  serve  as  approximations  of  actual  moonrlse  and  moonset. 


Mew  Moon 


Earth  rotates  in  place  in  a 
west-to-east  direction  once 
in  24,  hr.,  or  it  rotates  each 
quarter  revolution  in  6  hr. 


The  sin  and  moon  ?  ^ear  to  come  up  together.    As  the  earth  rotates,  the  sun, 
and  won  set  m  to  piss  across  the  south  and  then  go  down  together.    That  is, 
the  mw  moon  rises  at  sunrise  and  sets  at  sunset; 
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A1  the  sun  sets  at  the  observer's  vrestern  horizon,  the  first  quarter  B>oon  is 
i    the  south*    aA  earth  you  face  the  direction  in  which  the  observer  faces. 
After  ar ^quarter  ^urn,  about  midnight,  the  moon  sets.    At  this  point,  the  sun 
is  directly  behind  the  observer.    Another  quarter  turn  will  bring  the  sun  to 
the  observer's  eastern  horizon.    The  moon  rises  for  the  observer  a  quarter 
turn  ifter  sunrise.    This  occurs  when  the  observer  sees  the  sun  in  his  south, 
or  directly  i*  front  of  him.    That  is,  the  f irst ,</iarteir  moon  rises  at 
approximately  midday.  „  \ 

Full  toon 


z 


1T% 
— > 


As  thr  observer  s *es  the  sun  disappear  at  his  western  horizon,  he  sees  the 
noon  appeat  at  hi;  eastern  horizon.    That  is,  the  full  moon  rises  at  sunset 
time.    After  a  quarter  turn,  or  at  midnight,  the  moon  in  in  his  southern  sky, 
when  the  Jin  is  d  .rectly  behind  the  observer.    Another  quarter  turn  brings  the 
sun  ever  tfre  obse*ver*s  eastern  .horizon  and  the  moon  will  set  at  his  western 
*toriz>n.    That  is    the  full  moon  sets  at  sunrise  time.  , 
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LMt  Quarter 


I 


At  sumac  time,  as  CM  sum  disappaare  over" the  wtcrn  torl«oti»  thejjoon  1» 
not  la  cm  pbserver'e  sky.    After  •  quarter  turn,  et  midnighv,  the  moon  eppears 


at  cm  obMtver's  eaaterh  horizon 
ccurs  epproxlMtely  *t  midnight. 
..bserver's 


That  la,  aoonrise  for  Cha  laaC  quarter 
AC  aunrlae  tla»,  the.  noon  la  In  the 


south.   At  midday,  the  noon  dieapneare  over  the  weatern  horizon.  / 


That  la,  Che  Uac  quarter  noon  sets  approximately  at  midday 
4.   Apparent  Motions  of  Che  Planets 


A.    Inferior  PlaMts.    Refer  to  the  Diagram. 
Let  three  parson,  reprwent  sun,  earthy  and  Inferior  planet  of  Mercury  or  /- 
Venus.    Sun  anj^arch  remain  in  place  while  the  .planet  revolvee  about  the  fun. 

The  observer  on  earth  aees  tne 
planet  move  from  one  aide  of /the 
sun,  A,  totthe  ocher,  C,  and/  back 
again.   The  planec  will  seesl 
larger  buc  less  of  les  illumlnaced 
face  will  be  aeen  as  ic  moves 
from  A  to  B  to  C.    It  will  show 
none  of  Its  illuminated  eurface 
when  It  ia  exactly  between  earth 
and  sun  (B).    Aa  the  planet  travels 
from  (J  to.D  Co  A,  ic  eeeme 
smaller,  buC  mors  of  les 
illuminated  face  can  be  seen 
from  eerch. 

The  especcs  of  the  planec  are: 
A  -  maximum  eestern  elongation 
B  -«  Inferior  conjunction 
C  -  maximum  wmstern  elongation 
D  -  auperlor  conjunction 

Voen  the  planet  is  «  A  and  <C  let  the  earth-peraon  rotate  and  determine 
whether  the  placet  Is  Men  In  Che  wesc  aa  an  "evening  etar"  after  aunset,  or 
in  the  Mat  m  e  "morning  star"  before  aunrlae.- 
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B.    Superior  PliMti.   Refer  to  the  diagram. 
Lot  three  parsons  represent  sun,  earth,  end  e  superior  planet ,  for  example , 
Here.    Earthed  Here,  e  superior  plenet,  revolve  in  orbit  in  such  a  way  that 
earth  completes  approximately  two  revolutions  while  Mars  completes  one.  Fix 
Here  in  ite  orbit  et  one  place  (A).   As  the  earth-parson  moves  from  B  to  C9 
Here  apparently  moves  in  the  observer's  sky  from  vest  to  east  in  direct  motion. 
When  eerth  is  et  Cf  Hers  apparently  stops  and  reverses  Its  motion  so  that  It 
sseam  to  travel  against  its  Background  from  east  to  vest  for  e  time  in 
retrogede  motion.   When  eerth  reaches  D,  Mars  again  seems  to  stop  and  then  it 
resumes  its-apparent  vest-to-east  motion  as  tL*  earth  travels  from  D  to  B. 
You  may  vista  tb  represent  both  plenets  in  motion  since  both  planets  actually  * 
revolve  et  all  tides  around  the  sun.    The  same  demonstration  of  retrograde 
mot lop  is  possible,  provided  earth's  revolution  rate  Is  about  twice  that  of 
Mars. 


The  aspects  of  a  superior  planet  are: 
A  -  opposition  / 
E  -  western  quadrature 
F  -  conjunction  / 
G  *  eastern  quadrature 
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MOD    165   /keaiuriMt  of  Length,  Area,  and  Volume 

OBJECTIVES:    At  the  conclusion  of  this  MOD  you  should  be  able  to: 

1.  Make  accurate  linear  measurements  in  metric  units. 

2.  Determine  area  of  a  region  by  covering  the  region  with 
standard  units. 

3.  Dse  jftrmulas  to  compute  the  areas  of  regular- shaped  regions. 

4.  Recogbize  and  name  units  oi  linear,  area,  and  volume  measures. 

5.  Dee  a  geoboard  to  illustrate  area  and  perimeter  problems. 

6.  Measure  the  volume  of  regular  arid  irregular-shaped  containers. 

7.  Calculate  the  volume  for  regular-shaped  containers.  * 


INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  MMP,  Measurement  \ 

2.  Scissors,  paper T  grids,  geoboards,  dot  paper,  rubber  bands, 
const met ion  paper,  Dienes  blocks,  Cuisenaire  rods,  cans,  trans- 
parent containers,  rectangular  containers^  water 

INSTRUCTIONS:  V  ■  ' 

In  the  MMP,  Measurement  read  "Certain  Common  Measurements,"  pp.  31-32 
and  the*  pomplete  the  questions  or  exercises  for  the  following: 

(Do  not  cut,  tear,  or  write  in  the  book.) 

Activity  4:    Items  1,  2,  4  ,  5  ,  and  6 
Activity  5:    Items  1,  2,  3,  4,  7  and  8 

v  > 

Activity  6:    Items  1,  2,  and  3 
Activity  8:    Items  1,  2,  3,  4,  6  ,   and  7 

FINAL,  ASSESSMENT: 

1.  Bring  all  papers  to  the  evaluation  session. 

2.  Be  prepared  to  discuss  work  and  responses  with  the  instructor. 

3.  See  objectives. 

4.  Be  prepared  for  a  written  test  as  a  part  of  your  evaluation. 

\ 

j 

/  \  ■ 

/  \ 
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MOD  166  Compasses  and  Magnetic  Fields  0 
Observing,  Inferring,  interpreting  data 

OBJECTIVES: 

1.  Given  a  compass,  you  will  point  out  the  approximate  direction*  of 

2.  I*.  bar  magnet  and  a  bobby  pin,  you  will  -agnetiae  the  bobby 
pin  «nd  make  a  compass  from  it  by  *u*pending  it  from  a  string. 

I    Sven  a  neeSeand  a  bar  magnet,  you  mill  -gjetire  the  needle 
end  make  a  compase  from  it  by  floating  it  on  ^^"^J"^* 

3.  Given  bar-  and  horseshoe  magnets,  iron  filing,  and  paoer  towels ,  you 
will  sprinkle  iron  filings  on  paper  placed  W  the  magnet  to  obtain 
patterns  of  lines  of  force  about  a  magnet.   

4.  Given  a  bar  magnet,  a  email  compass,  and  a  wooden  pencil ,  you  wiU 
•  plot  the  lines  of  force  that  result  from  the  earth  and  the  bar 

magnet  combined*  .  . 

5.  Given  a  sealed  'magnet  box,"  a  small  compass,  and  a  * 
paper,  you  will  plot  the  magnetic  field  surrounding  ^ box 
«ndinterpret\he  data  in  order  to  locate  the  north  pole  and  the 

south  pole.  .  „ 

6.  Given  magnets,  iron  filings,  and  paper,  you  will  work  out  an 
arrangement  of  magnets  to  make  a  geometric  design  or  £  »rtistic 
patsernTas  a  factor  flower,  when  you  sprinkle  iron  filings  on  the 
paper  covering  the  magnets. 

INST1DCT10KAL  REFERENCES  4  MATERIALS: 

c      1.*  Schmidt  and  Rockcastle,  T»«*Mnfi  Selenea  with  Everyday  Things,  r 
p.  Ill,  114 

2.  SAPA,  55  &  86;  Magnetic  Fields. 

3.  Any  physical  science  text  on  "Magnetism."— - 

4.  Compasses,  bobby pins,  needles,  horseshoe  and  ^ 

5.  "Magnet  boxes"  made  to  conceal  the  position  and  orientation  of  a 
magnet  , 

FINAL  ASSESSMENT: 

1.  Answer  instructor's  questions  about  objectives  1  and  2  above. 

2.  j»resent  your  records  end  answer  question*  about  objectives  3,  *, 

3.  .SeJe*ftur'work  for  objective  6;  however,  sketch  and  be  ready  to 
,  lescrlte  your  results. 
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1*    Take  oae  of  the  compaeees  and  ualng  a  bar  magnet  teat  its  polarity.  Then 
walk  around  the  room  and  thi  adjoining  area  to  observe  the  needle  of  the 
compass.    Infer  the  reasons  for.  Its  behavior.   Try  to  determine  the  directions 

of  N»  E,  Sf  W. 

1 

2.  Bobby  pin  compasses 

Spread  apart  the  prongs  of  a  bobby  pin  eo  they  are  at  an  130°  angle,  except  for 
the  small  center  bend.    Then  hold  It  by  the  bend,  and  stroke  the  bobby  pin  about 
.50  t-jses  on  e  strong  msgnet.   Always  in  ths  same  direction  rub  Its  entire 
length,  fraa  tip  to  tip,  on  one  end  of  the  magnet  only.   Keep  the  other  end 
of  the  magnet  far  away  fro*  the  bobby  pin.   The  bobby  pin  should  be  magnetised 
strongly  enough  to  pick  up  a  paper  clip.   Next,  tie  a  single,  thin  thread  at 
the  bend  of  the  bobby  pin.   Hang  it  up,  so  it  can  swing  freely,  at-leeet  a  few 
feet  away  from  Iron  objects,  such  as  pipes  or  other  magnet*.    If  necessary, 
slide  the  knot  to  either  side,  until  the  bobby  pin  bangs  level.   With  the  help 
of  e  labeled  bar  magnet,  determine  the  polarity  of  your  compass. 

Some  of  your  classmates  will  be  doing  this  same  activity.  Have  them  hang  ( 
"heir  bobby  pin  compasses  across  the  room.  Is  there  general  conformity  in 
direction? 

A  compass  like  this  works  especially  veil  outdoors  if  it  is  shielded  from  the 
wind.    Experiment  outdoors  by  hanging  the  magnetized  bobby  pin  In  a  gallon  jar 
qr  Jug.   Then  tie  the  thread  to  a  stick  or  straw  across  the  top.   Next  fill 
the  jug  with  water.    Will  the  compass  work  as  well  if  the  jar  or  jug  is  filled 
with  water?   Does  the  bobby  pin  then  awing  as  much  as  before?   This  la  why 
airplane  and  ship  compasses  ere  liquid-filled.    (Adapted  from  Schmidt  and 
Rockcastle,  Teaching  Science  with  Everyday  Things,  p.  ill.) 

3.  ifeedle  polee 

Bold  a  neeUle  by  its  eye  and  about  30  times  rub  its  entire  length  on  one  end 
of  a  at roni;  magnet.    Be  suite  to  rub  from  tjie  eye  to  the  point  only,  making  e 
wide  aire  stray  free  the  magnet  on  each  return.   Next,  aet  a  non-Iron  water 
container  :far  from  any  Iron  or  at  eel  objects.    Pour  In  some  water  and  on  It 
float  a  place  of  aluminum  foil  as  large  ae  a  quarter.   Then  lay  the  magnetised 
needle  on  the  foil.  What  doea  it  do?    If  the  floating  system  is  spun  arc and > 
does  it  return  to  the  same  position  each  time?   How  does  this  position  compare 
with  that  taken  by  the  bobby  pin  coup asses?   Remember  whether  the  eye  or 
the  point  of  the  needle  points  north*   Now  take  thla  needle  off  the  foil  and 
magnetite  another  needle.    Find  and  remember  which  end  of  this  needle  points 
approximately*  northward.   Then  float  either  needle  on  the  fdil.    Bold  the 
other  needr.e  in  your  hand  and  bring  it  cloae  to  the  needle  on  the  water. 
What  do  th<»  like  poles  do  when  near  each  other?   The  unlike  polee?  Do  the 
pole*  of  tow  magcatlted  bobby  pins  Interact  in  the  asms  way?   What  doea  this 
Indicate  aliout  the  nature  of  the  magnetic  polee  located  in  the  earth  near  the 
North  Geographic  Pole?    (Adapted  from  Schmidt  and  Rockcaetle.  p.  114) 
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4.    tfaM  earth's  msgnetic  poles 

Whers  are  Che  magnetic  polM  of  the  earth  actually  located?  Find  their 
latitude  and  longitude  on  an  earth  globe  or  In  a  resource  book.   Whet  kind 
of  teste  end  observations  would  you  make  to  confirm  this  location? 


Bo  n?t  use  pencils  with  netel  parts  In  the  following  activities. 
5.  better  as  of  lines  of  force  about  e  magnet 

Work  over  e  large  sheet  of  newspaper  or  wrapping  paper.   Fleeee  do  not  be 
careless  and  wasteful  with  iron  filings.    Four  then  carefully  from  the  paper 
back  Into  the";  jar  after  you  do  your  work. 

If  iron  filings  are  sprinkled  carefully  on-  e  thin  sheet  of  paper  pieced  over 
a  magnet,  they  will  trace  the  Unas  of  force  around  the  magna t.  Try  this  by 
nutting  a  paper  towel  over  one  magnet  or  over,  various  combinations  of  magnets. 

Tep  the  paper  lightly  with  a  pencil  In 
•  :der  to  get  filings  Into  place  quickly.    Do  this  with  the  her  magnet  alone, 
1th  the  horse-shoe  magnet   alone,  with  two  unlike  poles  about  one  inch  apart. 
On  the  reverse  side  of  this  page,  neatly  record  your  results  In  drawings. 


6.    Plotting  the  resultant  field  of  a  bar  magnet  and  the  earth 

Alt! ought jou  may  work  in  pairs,  each  student  must  trace  e  pattern  for 

activities  6  and  7. 

Try  to  find. a  piece  in  the  laboratory 
or  Its  Immediate  surroundings  where  e 
compass  seems' to  be  leeet  effected  by 
surrounding  Iron  such  as  steel  beams 
in  the  building  or  weter  pipes.  This 
might  be  e  location  on  the  floor. 
Here  set  a  bar  magnet  toward  the 
bottom  of  a  large  piece  of  white  paper 
which  has  been  teped  down.    Drew  an 
outline  of  the  magnet  and  mark  the' 
'poles  on  the  paper  In  case  the  magnet 
should  be  Jerred  end  need  to  be  reetored 
to  ite  original  position.   Using  a 
compass,  mark  the  direction  "North"  on 
the  paper  with  eh  arrow.   Remove  the 
bar  magnet  when  you  mark  north.  Once 
you  begin  to  plot,  da  not  move  the 
naner  or  the  magnet. 
Dsl-ig  s  v try  smell  compass  and  a  sharp  wooden  pencil,  in  the  following  wsy, 
pie:  line i  of  f tree  about  the  upper  half  of  the  bar  magnet.    Set  the  compass 
nee  r  on*  >f  the  poles  of  the  magnet  so  that  one  of  Its  poles  (1)  is  drawn  to 
the  magna:.   Mark  with  a  dot  the  position  of  the  opposite  pole  end  of  the 
ccaiess  media.   Move  the  compess  until  ths  first  end  (1)  of  the  needle  points 
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to  the  dot  just  made.   Mark  with  another  dot  the  position  of  the  opposite  end 
(2)  of  the  needle.    Continue  marking  points  tracing  lines  of  force  to  the  bar 
magnet  or  off  the  paper.    Connect  the  dots  made  with  a  amooth  curve.    Do  this 
for  st  leaet  fair  lines  of  force.   Can  you  account  for  the  lack  of  symmetry 
In  the  resultaftt  curves? 


?.    Interpreting  data  obtained  from  compasses  and  magnet  boxes 
Fasten  a  large  piece  of  brown  paper  at  least  50  cm.  square  t  •  the  table  or 
floor  away  from  Iron  objects.   Draw  an  arrow  on  the  paper  to  Indicate  the 
direction  of  magnetic  nor.th.    Use  a  compass  for  this.   Take  one  of  the  sealed 
magret  boa as  and  tape  it  to  the  center  of  the  paper.    Outline  the  box.  The 
box  contains  a  bar  magnet  and  will  therefore  be  surrounded  by  a  magnetic 
field  like  that  surrounding  th*  ««agnet  in  activity  6.   Using  a  very  small 
come  ess  In  the  same  way  as  you  did  for  6,  plot  8  to  ,10  compa—  direction 
lines  or  lines  of  force  around  the  box.   At  least  2  of  these  lines  should 
J  sad  .back  to  the  box,  and  at  least  4  lines  should  extend  to  the  edges  of  the 
yaper.  ..  , 

Using  careful  observation  and  your  ingenuity  in  interpretation,  try  to  predict 
where  the  north  and  south  poles  of  the  magnet  are.,  After  you  have  reached. 
your  conclusion,  clip  the  box  open  without  removing  the  tape  that  holds  it  to 
your  paper  and  check  your  prediction.    Be  ready  to  report  two  methods  that 
you  used  to  determine  the  polarity  of  the  magnet  in  the>ox.   One  of  these 
methods  involves  the  lines  that  go  off  your  paper.    Then  re-seal  the  magnet 
boxes  so  t:hey  are  ready  for  the  next  student. 
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MOD  167    Preparation  and  Peer  Teaching  in  Science  \ 
£*    (an  "Individual  activity)  ,  r 

This  MOD  is  designed  to  allow  you  to  develop  a  lesion  in  science 
appropriate  for  elementary  children  and  to  refine  £our  understanding 
and  skill  with  the  lesson  with  a  group  of  your  colleagues. 

OBJECTIVES:    Af ter^Completing  this  MOD  you  should  be  able  to  identify  some 
of  your  weaknesses"  and  strengths  in  understanding  and  teaching 
the  selected  material  and  should  be  able  to  revise  your  plan 
to  reinforce  the  strengths  and  improve  wqaknesj 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

,1.     Films:.    "Don't  Tell  Me,  I'll  Find  OutM  and  "What*  Would  Happen  If" 

2.  Manuals  and  Guides  in  the  SMERC 

3.  Materials  in  the  SMERC  , 

4.  Videocasette  recorder  and  television  •  - 

5/    "Get^ral  Methodology  Competencies  fc/r  the  ^reservice  Teacher  in 
Elementary  Science"  f ronr MOD  127,  p. 2 

INSTRUCTIONS:  "  v 

1.  tfiew  the  two  films  of  SCIS  classrooms. 

2.  Utilizing  concepts  or  processes  that  you  have  coveredin  the  ISMF.P 
%  program,  develop  an  inquiry  lesson  appropriate  for  an  elementary 

.  *  class.     Include  in  the  plan  at  least  the  following  topics: 

TITLE 
'  OBJECTIVES 
MATERIALS  NEEDED 
INTRODUCTORY  ACTIVITIES 
PROCEDURES 
EVALUATION  PLAN 

3.  Submit,  in  good  form,  a  copV  of  your  plan  to  the  instructor. 
4*.     After  the  plan  hak  been  approved,  teach:: it  to  at  least  three 

ISMEP  students  while  filming  onrv'ideocasctte. 

5.  View  your  casette  with  the  ISMEP  students  and  a  faculty  member  or 
graduate  assistant.     Utilize  feedback  to  improve  the  lesson.  a 

FINAL  ASSESSMENT: 

4   /  ■» 
Successful  completion  of  the  MOD  will  have  been  achieved  when  the 
\         MOD  has  been  completed  with'  integration  of  feedback  into  the  f ihal 
revision  of  the  plan  and  you  and  the  faculty  member  consider  the 
lesson  ready  to  teach  to  children. 
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MOD  168   Measure fient  for  Elementary  Schools 
PREItEQUISr.TES:    MODs  160,  163,  *nd  165 

In  MODs  160,  163,  and  165  the  emphasis  was  primarily  on  your  learning* 
about  measurement.    In  this  Mod  you.  will  focus  directly  on  child 
•  learning.    You  will  be  learning  about  activities,  techniques,  and 
,       problems  associated  with  child  learning  of  measurement. 

OBJECTIVES:    At  the  conclusion  of  this , MOD  you  should  be  able  to: 
«  • 

1.  Describe  what  Piaget  means  by  "conservation"  and  be  able  to 
give  examples  or  illustrations. 

2.  Analyze  anecdotes  of  children's  measurement  responses  to 
diagnose^t^e  child's  source  of  difficulty. 

3.  Identify  some  difficulties  that  children  might  have  with 
certain  measurement  tasks. 

«4.    develop  a  logical  sequence,  for  a  measurement  topic  throughout 
the  elementary  school. 

i  •   *'     '         lv  - 

INST RUCTIONAL  REFERENCES  &  MATERIALS: 

1.  IMP,  Measurement  <-  « 

2.  Scissors,  square-centimeter- graph  paper,  larg^ sheets  of  ^ 
plain  paper,  tape  measure,  base  2  and  base  3  blocks,  sheet- 

of  cardboard  with  string  configurations  glued  pp,  metric 
a  bathroom  scales,  masking  tape,  string,  plastic  beakers, 

'  colored  chalk,  clay,  sand  «  * 

3.  Current  elementary  Mathematics  text  series 

o 

INSTRUCTIONS:     In  the  MMP,  Measurement ,  answer  questions  or  perform 
the  exercises  for* the  following:  » 

Activity  12:  Read  "Focus"  and  "Discussion"  and  do  Item  1,  Read 

"Discussion"  in  Item  2>  and  do  Items  3  and  4. 

—     %  Activity  13:  Do  Items  1,  2,  3,  4,  5,^6,  7/8,  9,  10,  and  II. 

%  Activity  14:  Do  Items  IB,  D,  E,  G,  H,  I,  and  3. 

Activity  15:  Read  "Focus"  and  "Discussion"  and* do  Items  1,  2,  3, 
and  ,  ,  *• 

Activity  16:  po  Items  1,  2,  and  3. 

FIN/  L  ASSr.SSMENTt  v  •  ■  v 

'  •  * 

1.  luring  ^11  papers  to  the  evaluation  session. 

2.  he  prepared  to  discuss  the  exercises  and  your  responses. 

3.  Sue  ob.j  actives.  •  * .  » 
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MOD  169    Teaching  Science  t    Elementary  Children 
PREREQUISITES:    MOD  167 

OBJECTIVES:    At  the  conclusion  of  this  MOD  you  should  be  able  to  identify 
some  of  your  strengths  and  weaknesses  in  teaching  an  inquiry* 
lesson  to  elementary  children. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS  r 

1.  Pi™  developed  in  MOD  167 

2.  Materials  from  MOD  167 

3.  Videocasette  (tentative) 

4.  MGeneral  Methodology  Competencies  for  the  Prer--  vice  Teacher  in 
Elementary  Science"  from  MOD  127,  p.  2 

e 

INSTRUCTIONS. 

1.  At  the  scheduled  time  you  will  be* able  to  tea^h  the  lesson  to  a 

*  group  of  4-6  eler     tary  pupils  in  an  area  school.  e 

2.  Following  the  turning  experience,  you  should  schedule  a  session 
with  an  instructor  and  the  ISMfcP  students  that  you  worked  with  on 
MOD  167.     Th*  teaching  experience  will  be  reviewed  at  that  seminar. 

*  The  faculty  member  and  other  ISMEP  students  will  assist  inevaluat— . 

ing  strengths  and  weaknesses  of  the  performance. 

3.  During  the  seminar  a  written  evaluation  should  be  developed-  listing 
%  "        strengths,  weaknesses,  and  recommendations  for  improvement. 

*  0  3  . 

FINAL  ASSESSMENT;  5  \ 

"  The  MOD  will  be  considered  completed  following  the  scheduled  seminar 
and  with  the  submission  of  the  written  evaluation. 
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HOD  170    Interpret ing  Bata  (SAPA) 

,  Raadoone»»  and  probability 
INTERPRETING  DATA 

"Tht  procMS  of  Interpreting  Data  Include*  many  behavlora  such  aa  recording 
data  In  a  table,  cona  tract  Ing  bar  and  Una  graph*,  u \  ,jg  and  Interpreting 
frequency  distributions,  determining  tha  median,  mode,  mean,  and  range  of  a 
aet  of  data,  ualng  a lope  to  Interpret  graph* ,  cona truct Ing  number  aentencea 
describing  relet ionahip*  between  two  variables,  and  so  on. .. .Interpreting  data 
require*  going  beyond  the  use  of  akills  of  tabulating  and  graphing  to  aak 
questions  about  the  data  which  lead  to  the  construction  of  inferences  and 
hypotheses ,  and  the  collecting  of  new  data  to  test  these  Inferences  and 
hypotheses."    SAPA,  Supplement  to  the  Guide  for  Inservlce  Instruction,  p.  25. 

OBJECTIVES: 

1.  Given  a  liat  of  ten  items  in  a  paper  bag  which  feel  identical  to  your 
sense  of  touch,  you  will  be  able  to  atate  the  probability  of  removing 
wny  one  item  with  your  eyes  closed. 

2.  After  doing  activity  1  and  collecting  and  analysing  your  data,  you 
will  be  able  to  make  positive  statements  about  the  laws  of  chance  and 
the  variables  affecting  those  laws. 

3.  Having  collected  your  data  in  activity  2,  you  will  determine  the 
mean,  median,  mode,  and  standard  deviation  for  the  leaf  sites. 

4.  Given  a  probability  value  for  a  given  event,  you  will  be  able  to 
atate  verbally  the  chances  of  that  event  happening  again. 

5.  Given  the  probability  values  for  two  independent  events ,  you  will  be 
able  to  determine  the  probability  of  both  events  occur ing  as  a  unit. 

INSTRUCTIONAL  REFERENCES  4  MATERIALS:  , 

1.  The  pages  of  this  MOD     i  ) 

2.  Millimeter  ruler  J 

3.  Plant  with  leaves  J 

4.  Crow,  James,  Genetics  Notfes,  pp.  21-23,  143-148,  in  Resource/Center 

5.  Stanley,  John*  Essence  of  flicmetry 

\ 

FTIAL  ASSESSMENT: 

\ 

See  objectives  above. 
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fMOBOKS: 

aaadofcnaas ,  Probability,  Standard  Deviation: 

If  you  were  asked  this  mornjlng^hat  the  chances  were  that  you  would  come  to 
class  X  today,  you  sight  have  said,  "Chances  are  about  80X."   If  you  were  also, 
asked  about  the  chances  that  you  would  be  on  time,  you  sight  have  added  that 
the  probability  of  being  on  time  was  also  about  80%.    Tc  you  80  percent  chance 
sight  seen  that  your  chance  of  gotn|^e-class  and  being  on  tist  were  good.  To 
anyone  interpreting  your  terse  mathematically  it  would  seen  the  ease,  but  it 
alio  would  imply  that  in  the  past,  20  tiAee  out  of  every  100  tines  you  either 
siseed  class  or  were  late  if  you  did  comta^_  Fros  the  above  data  one  could  also 
sa/  thai  the  probability  for  you  of  cosing  to  class  and  being  on  tlse  is  64% 
(.JO  x  .80  or  ,64  -  64  percent). 

A* turns  that  you  are  in  a  dormitory  roos  located  in  the  center  of  a  complex 

buildings  having  Identical  classrooms.    You  are  alone  and  you  wish  to  gi  to 
ona  of  the  classrooms.    The  classrooms  are  all  alike,  all  are  the  sane  distance 
from  the  dormitory  room,  and  there  are  no  other  factors  to  influence  your 
selection.    You  find  yourself  making  a  random  selection  of  "he  classroom. 
Should  there  be  100  classrooms,  each  room  would  have  the  same  chance  of  1/100 
(one  in  a  hundred)  that  you  would  pick  a  particular  room. 

Alter  this  situation  to  imagine  there  were  20  students  each  selecting  a  class- 
room.  As  student*:  sake  a  random  selection,  they  may  be  influenced  by  a 
possible  clustering  of  students  in  one  or  more  of  the  classrooms.    One  might 
find  that  10-15  students  are  in  one  room,  several  others  have  picked  rooms 
near  by,  others  may  have  picked  rooms  further  away.    This  is  a  clustering  or  a 
cgatral  tendency  of  the  students.    Also  there  is  some  dispersion  fros  the 
central  tendency.    Students  become  distributed  more  sparcely  as  the  distance  * 
if  inert ased  from  the  central  tendency.    This  degree  of  dispersion  from  th* 
central  tendency  is  called  standard  deviation. 

Tie  key  words  needed  to  Interpret  data  in  this  situation  can  be  more 
specifically  described* 

ji  ttdomnitss 

A  rsndon  sampls  is  one  taken  so  that  every  observation  which  sight  be  included 
hi  a  an  <squal  ciance  of  being  included.    One  must  not  select  observations  by 
ary  sort:  of  subjective  process  in  which  one  says  "I  shall  take  this  observation, 
but  not  that  one."   Bias  or  other  factors  that  contribute  significantly  to  the 
outcome  of  any  trial  say  not  exist.  * 

F-  pbabi  »ltv 

The  us*  of  the  word  probable  or  probably  without  some  numerical  value  haa 
i.ttle  '  teanlti?  other  than  to  indicate  that  there  is  a  chance  stronger  than  a 
possibility  bit  falling  short  of  certainty.    In  using  the  word  probability  one 
stat  always  denote  the  long  run  relative  frequency  of  suit ip le  or  repeated 
events.    In  other  words,  it  is  not  possible  to  determine  the  probability  for 
ytu  of  jolng  toe  class  if  you  have  never  gone  to  class  before,  or  if  that  la 
t  te  ml?  time  you  are  going.   A  numerical  value  attached  to  a  probability 
a  :atemeit  makes  possible  a  reasonably  accurate  prediction  as  to  whether  or  not 
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the  event  will  occur.    Most  often  the  value  assigned  to  a  probability  statement 
Is  a  fraction  between  0  and  1.    If  the  event  will  surely  occur  9  It  will  have  a 
probability  of  1.    If  It  Is  sure  not  tc  occur »  It  will  have  a  probability  of  0. 
The  following  formulae  nay  be  used. 

ft 

p  "  Number  of  favorable  cases 

Total  number  of  cases  possible 


Example:    If  you  tossed  a  penny  ten  times ,  It  is  possible  that  It  could  land 
with  heads  up  ten  times  (total  number  of  possible  cases). 

Because  it  could  land  with  either  heads  or  tails  upf  you  would  expect  heads  up 
only  five  times  (number  of  favorable  cases). 


•5  (probability  value) 


Further,  if  the  probability  of  an  event  happening  Is  p9  and  p  has  a  value  of 
0  to  1,  then  the  probability  of  It  not  happening  (q)  1?  equal  to  1  minus  p. 

p  «  0  to  1 
q  «  1  -  p  or 
p  +  q  •  1 


Standard  Deviation 

The  stanc.ard  deviation  Is  a  measure  of  the  central  tendency  in  an  array  of 
related  rata.    Or  you  can  say  that  the  standard  deviation  is  a  measure  of  the 
dli  persi*  n  (or  spreading  out)  on  either  side  of  the  mean.    The  following  table 
of  data  < ad  the  graph  will  help  you  understand  the  meaning  of  standard  deviation 
as  well   s  other  terms  or  values  useu  in  analyzing  data. 

Vnalysle  of  Tree  Diameters  of  56  Sample  Trees 

Diaiieter  (cm)  6     8     10    12    14    16    18    20    22    24    26    28  3) 

Number  of  trees 

with  a  particular      01      ?     469    12     96421  ) 
diaiieter 


Graph  Analysis  of  Above  Data 


V 


-4- 

Total  number  of  observation  •  56 
Moan  Disaster  •  18  ca    (average  sice) 

Mode  -  18  ca   (More  treea  of  this  diameter  than  any  other) 

Median  •  18  ca   (22  treea  have  saaller  dlaaetera  and  22  treea  nave 

larger  dlaaetera  than  18  ca) 

V*n~the  greph  parta  of  the  curve  on  either  aide  of  the  aeen  (18)  are  equally 
spaced  so  that  It  la  a  ayaaetrlcal  curve.   Any  curve  froa  data  which  has 
approximately  an  equal  aean,  node,  and  aadlan  shows  a  noraal  distribution  or 
Is  a  noraal  curve.    If  we  divide  the  distance  froa  the  aean,  both  to  the  right 
and  to  the  left,  Into  three  equal  parts,  we  can  Indicate  the  data  in  each  part 
as  having  a  standard' deviation  of  1,  2,  or  3  froa  the  aean.    This  Is  shown 
in  the  following  diagram. 


Mean  •  18 


(    2SD  ox_  951.  J) 


^_-2Sfi  fit  S2JXJ ► 

Ic  thla  analysis,  trees  with  s  dlaaeter  larger  than  14  ca.  and  saaller  than 
22  cm.  vould  k.ve  i  standard  deviation  of  1  or  less  froa  the  aean.    Also  on 
this  curve  app) oxlmtely  68%  of  the  trees  would  vary  froa  the  seen  by  1 
standard  deviation  or  less.    Trees  with  a  dlaaeter  10-14  ca.  would  not  have  a 
standard  deviation  greater  than  2  and  less  than  one.    This  would  Include 
«rt>rcri*jitely  13.5%  of  the  trees  sampled  (95  -  68/2)-  13.5%  . 

If  you  era  answer  the  following  questions,  you  understand  the  concept  of 
standarc  devia.xcm. 

1.  You  are  aeked  to  cut  only  trees  with  a  standard  deviation  of  0,  w>iich 
trees  would  you  cut? 

2.  what  percentage  of  the  trees  in  the  curve  froa  which  the  aaapls  wis 
aade  lave  a  dlaaeter  of  at  least  28  ca? 
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Activities: 


1.    Read  the  following  and  consider  the  answer  tor  each  probability  problem* 
Some  answers  are  provided* 

A  die  (singular  for  dice)  has  only  twos  on  each  side.    (How  many  sides 
on  a  die?) 

You  throw  the  die.    What  is  your  chance  (the  probability)  of  throwing 
it  so  that  a  two  comes  up? 

Since  all  sides  have  twos,  the  chance  of  throwing  a  two  would  be 
certainty — we  would  assign  it  the  number  one — the  probability  of 
throwing  a  two  would  be  one. 

Using  this  same  die  what  would  be  the  probability  of  throwing  a  six? 
0  chance.     It's  ah  impossibility  since  there  are  no  number  sixes  on 
chis  particular  die. 

Letfs  use  a  regular  die  now.     This  one  is* numbered  from  one  to  six. 

If  we  throw  this  one  what  is  the  probability  of  turning  up  a  three?  (1/Ti) 

If  the  die  is  thrown  a  great  number  of  times  about  how    many  of  the  times 
will  a  three  turn  up?     (1/6)  .  ~ 

If  a  coin  is  thrown  in  the  air,  what  is  the  probability  the  coin  will  turn 
up  as  a  head?  (1/2) 

Suppose, we  throw  the  die  and  the  coin  at  the  same  time:    What  is  the 
probability       a  particular  double  event  such  as  a  tail  on  r.he  coin  and 
a  fi\e  on  t  ie^?iie  coming  up  in  the  same  throw? 

The  coin  wl  .1  show  heads  1/2  of  the  time,  and  the  die  will  show  a  five 
1/6  (f  the    itne.    Of  all  throws  of  a  die  and  coin  simultaneously,  the 
result  will  be  heads  on  the  coin  with  a  five  on  the  die  1/2  of  1/6  of  tie 
time,  or  1/!  x  1/6  -  1/12  of  all  double  throws.    This  can  be  stated  in  zhe 
form  of  a  rjle:     (Hardin.  1954) 

Product  Rule  of  Probability — "If  a  particular  double  event  is 
composed  of  «£wo  independent  single  events,  both  of  which  must  occur 
'       in  the  same  instance,  the  probability  of  the  doable  evfcnt  is  the  ■ 
product  of  the  separate  probabilities  of  the  single  events." 

Let?*   take  mother  example:    Take  two  pennies  together  and  throw  them 
in  r, -  air.    What  are  the  possible  combinations  that  could  result? 
Ans.     HH,  V\  TH,  TT 

Probability 

]L      f  you  ;oss  a  coin  which  is  "unbiased"  (i.e.,  just  as  likely  to  fall 
•  »ne  way  as  the  other),  what  is  the  probability  that  it  will  show 
'heads'*  rather  than  "tails?"  1/2 

2.  n  a  tt  js  of  an  unbiased  die  (ol.  dice)  what  is  the  probability  that 
t  will  turn  up  one,  rather  than  two,  three,  four,  five  or  six?  1/5 

3.  Ifhat  ii-  the  probability  that  you  will  turn  up  the  seven  of  diamonds 

*  cutting  a  perfectly  shuffled  pack  of  cards?  1/52 
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4.  Vhat  is  the  probability  that  you  will  turn  up  any  seven  in  cutting 
t.  perfectly  shuffled  pack  of  cards?    4/52  or  1/13 

5.  If  you  toss  an  unbiased  coin  and  an  unbiased  die  at  the  same  time, 
what  is  the  probability  that  you  will  get  heads  and  a  three? 

6.  If  you  toss  two  dice  what  is  the  probability  of  getting  a  pair  of 
threes? 

7.  If  you  draw  two  cards,  one  after  the  other,  from  a  perfectly  shuffled 
pack,  what  is  the  probability  of  getting  a  pair  of  aces?  1/221 

8.  If  you  toss  a  coin  ten  times  and  it  turns  up  heads  five  and  tails 
five,  what  is  the  probability  that  the  next  toss  will  result  in  heads? 

9.  If  you  toss  a  coin  ten  times  and  it  turns  up  heads  ten  times,  what 
is  the  probability  that  the  next  toss  will  result  in  tails? 

10.  If  you  toss  die  A  and  die  B  at  the  sam^  time  what  is  the  probability 
that  you  will  get  a  five  and  a  six?  * u 

11.  If  you  toss  two  coins  at  the  same  time,  what  is  the  probability  that: 
>ou  will  get  two  heads?    two  tails?    one  head  and  one  tail? 

2>    With  a  flexible  millimeter  ruler  determine  the  size  of  p1!  leaves  on  a 
woody  plant.    Make  the  measurements  as  illustrated  ^elow. 


Measire  the  leaves  to  the  nearest  centimeter  using  this  table. 


0-  1.4  c  i  *  1  cm 
1.5  -  2.4  ci  3  2  cm 
2.5-  3.4  c  i  *  J  cm 
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■•cord  your  data  btlov. 

OTjSSO     2     I     4     1     *     I     8     »    10   H    12    13   U  IT 

agjf 

Plot  your  data  balov  and  draw  your  "bote  11m"  for  tho  curva. 
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MOD  171      The  Cycle  of  the  Moon 

Observing,  predicting,  using  space/time  relationships 

PREREQUISITE:    An  introductory  session  will  be  given  by  the  instructor  for  tbe 
students  who  choose  this  MOD. 

OBJECTIVES: 

1.  Given  the  moon  in  the  daytime  and/or  nighttime  sky,  you  will  observe 
and  record  during  one  lunar  cycle: 

a.  its  changing  shape  or  phase; 

b.  its  changing  angular  distance  or  elongation  from  the  sun; 

c.  its  changing  stellar  background  for  nighttime; 

d.  its  changing  position  with  respect  to  any  visible  planet; 

e.  the  total  time  for  one  complete  cycle  (e.g.;  from  new  moon  to 
the  next  new  laoon) . 

2.  Given  any  two  of  the  following,  you  will  give  the  thi*.d:  ~ 

a.    the  moon's  phase; 
^  b.    the  time  of  day; 

c.    the  moon1 s  position  in  the  sky. 

3.  Given  the  moon's  elongation,  you  will, give  its  phase,  or  given  the 
moon9 8  phase,  you  will  give  its  elongation. 


INSTRUCTIONAL  REFERENCES  &  MATERIALS: 


1.  ESS,  Where  is  the  Moon?  Teacher's  Guide 

2.  ESS,  Where  was  the~Mooh? 

3.  MOD  171,  Study  Sheet,  pp.  4-5 

4.  MOO  164, "Models  for  Celestial  Motion",  section  on  the  moon's  phases 

5.  Any  Introductory  Astronomy  text  -  chapter  on  the  moon. 

FINAL  ASSESSMENT: 

1.  Test  your  understanding  of  the  cycle  of  the  moon  on  Study  Sheet, 
pp.  4-5. 

2.  Present  to  the  -instructor  your  record  of  observations  of  the  moon 
over  one  mon  h.    Refer  to  ESS,  Where  is  the  Moon?,  Teacher's  Guide. 

3.  Ask  the  instructor  for  MOD  162,  Final  Assessment,  and  answer  it 
correctl} . 
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Infowstlon  tainted  to  the  Cycle  of  the  Moon 

:   Tbo  dlagra*  above  the  won  in  orbit  around  north  and  revolving 
countercloclnrlee  no  viewed  froa  thn  earth's  north  polo. 


Direction  fron 


nhich  sunlight  coneo 


no  they  appear  fros  earth: 

1.  low  noon  (no  noon  visible} 

2.  Waxing  crescent 
Z.   first  quarter 
4.    Waxing  gibbous 


5*  Full  noon 

6*  Waning  gibbous 

7.  Last  quarter 

8.  Waning  crescent 
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Hooc'a  llonaatlont   11m  won't  apparent  angular  displacement  from  the  sux  la 
our  sky  is  given  In  degrees  of  arc,  05  to  180°,  and  direction,  E  or  W. 
For  example,  the  first  quarter  noon  (3)  baa  an  elongation  of  90°E,  1  he 
waning  gibbous  noon  (6)  has  an  elongation  of  135°V. 


IfMmrtffi  of  nongnUon  to  "glsta":    If  you  extend  your  an  straight  fr««  your 
body,  your  fist  vlll  subtend  about  10°  In  the  real  aky.   A  flrat  quarter 
noon  la  the  south  will  therefore  he  about  nine  "flats"  or  90°  to  th»  eaat 
of  the  eettlng  sun  at  the  unstern  horison.  ■*-  - 


Mognrlse^snd  Moonsett 

Phase  Hoonrlae  Hoonset 


aunrise  sunset 

First  Quarter  midday  midnight 

Full  Moon  sunset  sunrise 

Lsst  Quarter  midnight  midday 
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lb*  mm  ha*  ±Lm  *h*p*: 

VhUb  of  tba  following  b**t  describe*  It*  phase? 

a)  Mains  cr**c*nt 

1)  timing  cr**c*ot 

c$  Flr*t  starter 

d)   L**t  quarter 

•)  Gibbon* 


Tha  anon  hM  this,  ahapa: 

Hurt  voold  yea  look  for  It  at  mm**?  tlaa? 

a)  la  tha  mat 

b)  la  tha  aaat 
i)   la  ttai  aouth 
d)  In  tba  north 

m)  Moon  of  tha  ahova  could  ha  correct. 


Tha  noon  haa  tfrla  ahapa: 

At  appraariaataly  what  tlna  would  you  aaa  it  la  tha  aouth^at? 

0 


b)  9:00  p.a.  A 

\e)  Midnight  i\ 

VI)  3:00  a.a.  \N^-/ 

V)  Sunrlao  tlaa  — ' 

o 
a 


tha  noon  la  la  tha  aouth  and  baa  this  ahapa: 
What  tlaa  la  It? 

a)  Sonant  tlaa 

b)  Midnight 

c)  »  Sunrlaa  tlaa 
a)  Midday  ■ 

a)  \Mona  of  tha  abora  could  ba  corract. 

Iha  noon  haa  thla  ahapa: 
What  la  Ita  alongatlont 
•)  45fl 

b)  90°I 

c)  135°E 
,d)  45°tf 
a)  90°W 


Clva  tha  aoat  accnrata  alongatlon  of  tba  full  noon. 

a)  360* 

b)  180° 

c)  90° 

d)  45° 
•  )  0° 
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7.  lou  see  the  mob  in  th«  southeast  «t  3:00  p. a.   At  whet  phase  Is  it? 

•)   Hexing  gibbous  <r  ~ 

t)  First  quarter 
c)  Mening  gibbous 

c )  Last  snorter 

t)  Rom  of  the  above  could  ba  corract. 

.  -* 

4.   Given  a  star  background  callad  T.   Let  X  rapraaaat  stars  to  tba  laft  of  T 
and  Z  rapraaaat  stars  to  tho  right  of  T.  Lat  V  represent  stars  abov*  T 
aad  V  raprasant  stars  beta?  ▼.   If  on  lueeday  at  8:00  p.m.  the  noon  Is  in 
Y,  on  Wednesday  night  at  tha  aana  tlna  tba  noon  will  ba  In 
n>  X 

b)  T  / 
*       O   Z  / 

d)  V  •  ••/ 
a)  W 

9.    Ipftnrlaately  uhan  doaa  a  leet  quarter  noon  rise?  • 
a)  Sunrise 
t)  Midday 

c)  Sunset 

d)  Midnight 

e)  none  of  tha  above  could  ba  corract. 


10.   Whan  dons  a  waning  crescent  sett 
e)  Between  sunset  and  midnight 

b)  Midnight 

c)  lotvoon  sunrise  end  midday 

d)  Midday 

a)   Between  midday  and  sunset 


.v. 


S 
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HDD.  172    HMt  Tranaf «r 

•ObMnrins,  inferring 

OiJpCTXVBS: 

1.  Given  wire,  candle,  and  tacka,  you  will  deaonetrate  tha  conduction 
of  teat  through  a  solid.  ' 

*.  Given  a  eeurce  of  boat  and  coffee  grounds  In  a  pot  of  water,  yon 
will  daaonatrata  tha  ■ovanant  of  convection  currents.  Also 
danonctraie  tola  aoveaeat  owing  hot  «d  cold  water  la  two  bottlaa. 

3.  Given  cane,  t&arwoaetere,  etyrofoaa,  aod  a  leap,  you  will  deaonetrate 
a  transfer  of  boat  by  radiation. 

4.  You  will  formulate  a  definition  of  conduction,  convection,  and  .. 
radiation.  ' 

•    5.  Too  will  apply  your  knowledge  of  aatboda  of  boat  tranafar  in 
•    practical  situations  given  in  the  qoaationa  is  tola  MOD. 
6.  too  will  formulate  at  laaat  ona  divergent  quaation  «.alatad  to  tola 
MOO. 

*  -  -    '  * 

IMST1DCT10HAL  tEFgUNCg8  *  hjATBLIALS* 

1.  SAPA,   70  ,  Fornnlatint  Broothaaae  II 

2.  188,  Heating  and  c^fltff, 

3»   beckway  and  Tounn.  Investigations  in  larth  Scianca.  p.  61 

4.  Hire,  candla,  tacka,  coffaa  grounda,  glass  pyrex  pot,  bottlaa, 
food  coloring,  cane;  tboraonatara,  etyrofoaa,  laap, 

5.  The  excerpts 'on  heat  transfer  from  physics  .texts  in  this  MOD. 
Read  Bueche,  Principles  of  jPhysles,  pp.  221,  222,  223. 

nSAL  ASSESWEKT: 

1.  before  reporting  to  tha  instructor,  on  tba  study  sheet  teat  your 
onderetandlng  of  conduct ion,  convection,  and  radiation  of  heat. 

2.  Ask  your  Instructor  for  MOO  172  Final  Aseeeeaent.  Correctly 
coaplate  theae  10  aultlple  choice  questions. 

3.  Discuss  with  your  Instructor  tba  qoaationa  on  pagaa  2-4  of  this  MOO. 

4.  Show  your  Instructor  tha  quaation  that  coapletee  objective  e.  *  Be 
,  ready  to  tall  why  you  think  it  la  a  divergent  quest f  on. 
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1.  Conduction 

Trki  a  short  length  of  wire  from  the  HOD  tray.    Attach  tacks  to  tha  wlra  by 
touching  tha  tacks  to  tha  wlra  and  dripping  melted  wax  on  thai.   Placa  thraa 
or  four  tacks  about  ona  Inch  apart*   Hold  one  end  of  tha  wlra  and  placa  tha 
othar  and  In  tha  candla  flaae.   What  happens?   Infar  reason.   Find  a 

raaaon  for  conduction  of  haat  froa  explanation  glvan  In  physical 


theoretical  r  e« 
sclanca  hooka. 


2.  Convection 

Stir  four  or  flva  taaepooaa  of  usad  coffee  grounds  In  a  daar  pyre* 
container  naarly  full  of  water.    Placa  this  container  on  tha  adga  of  a  hot 
plau9  so  that  only  half  tha  contalnar  Is  over  tha  heat.   Observe  the  systen 
\        «nd  describe  what  happens.    Why  do  you  think  It  happens?   Sketch  a  convection 
*         current  in  the  space  below  and  be  ready  to  discuss  what  happens  In  such  a 
current. 
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1  B.  tobtain  2  identical  small  wide-mouthed  bottles.    Fill  one  with  clear 9 
co\t  vattar.   Pill  the  other  bottle  with  hot  water  and  enough  food  coloring 
to  itrkenjit.    Place  a  stiff  piece  of  cardboard  over  the  bottle  of  cold  water. 
HoL       firmly,  and  tip  it  to  place  it  over  the  mouth  of  the  other  bottle. 
Slowly  refiove  the  cardboard.   What  happens?   Why?   Reverse  the  procedure  by 
placing  trie  cardboard  over  the  hot  water,  and  tipping  this  bottle  over  the 
cold  waterv    Report  what  happens  and  suggest  reasons. 


3.  Radiation 

A.    Put  your  hand  about  12  inches  under  a  lighted  bulb.    How  does  the 
heat  reach  your  hand?   Can  the  process  be  either  conduction  or  convection? 
Refer  to  physical  science  texts  in  order  to  determine  if  air  is  a  good 
Conductor  of  heat.    The  method  of  heat  transfer  in  this  simple  activity  is  the 
samrt  as  that  by  which  heat  comes  to  you  from  the  sun.    It  is  called  "radiation" 
and  is  the  propagation  of  invisible  rays  through  space. 


9 
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B.    Radiation  of  both  light  and  haat  it  aithar  tranemltted,  ebeorbed, 
and/ or  raflactad  by  objacta  in  tha  way.    If  light  ia  ebeorbed,  it  ia  changed 
intc  haat.    In  one  hand  hold  a  place  of  claar  glaas  iavaral  lnchaa  from  your 
other  hand.   Let  tha  light  from  a  lamp  thine  through  the  glass  to  your  hand. 
Does  the  glass  feel  warm  or  cool?   How  doee  your  hand  feel?  Deacribe  what 
la  apparently  happening. 


Take  7.  tin  cane  of  equrl  else.    Cover  the  outaide  of  one  with  black  paper. 
If  the  other  la  shiny,  leave  it  *%  it  la.    If  it  ia  not,  cover  it  with 
aluminum  foil.    Hake  openings  in  2    atyrofoam  lids  for  thermometers.  Four 
nough  water  Into  the  cane  ao  that  Aha  bulba  of  the  thermometera  art  submerged 
In  water.    Place  the  llda  aecurely  on  the  cana.   Allow  the  thermometera  to 
reach  the  aame  temperature.   Then  place  both  cana  a  abort  distance  away  from 
a  lighted  lamp.    Try  to  have  the  light  strike  the  cana  only,  not  the  tope  of 
the  thermometers.    Record  below  the  temperaturee  of  both  cana  at  one-minute 
intervale  for  10  minutes.    Turn  off  the  lamp  and  again  record  the  temperaturee 
at  one-minute  Intervale  for  10  minutes.    How  do  you  expiate  the  changes 
observed? 
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Stucy  Sheet 

In  i reparation  for  your  final  assessment,  indicate  before  each  statement 
which  method  or  methods  of  heat  transfer  are  involved.  ^ 

A—Conduction  B— Convectioc  C— Radiation 

 1.    The  outside  walls  of  the  oven  ere  hot  when  the  oven  is  on. 


1.    Whan  you  walk  barefoot,  you  look  for  cool  places  to  step  so  you  do 
not  burn  your  feet. 

3.    The  sun  warms  the  earth* 


_4#    On  a  cold  day,  you  touch  the  radiator  and  feel  ita  warmth. 


.5.    During  the  winter,  when  you  look  above  a  radiator,  you  sometimes 
see  ••waves"  in  the  air*  ^ 

j>.    The  handle  of  an  iron  poker  becomes  hot  whfcn  its  sharp  end  is  placed 
in  a  fire. 


7.    When  you  eat  ice  cream,  the  dish  and  the  spoon  fe^t  cool. 


_8.    The  conditions  set  up  by  one  method  of  heat  transfer  make  it  an 
important  factor  in  weather  prediction*   Which  is  it? 

« 

_9.    Because  of  the  apparent  immediate  effect  of  one  method  of  heat 

transfer,  it  is  often  used  in  heating  system?  of  homes.    Which  is  it? 

^10.    Your  face  and  hands  are  warmed  as  you  sit  near  a  campflre. 
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MOD  173     Peer  Teaching  of  Metric  Measurement 

PREREQUISITES:    MODs  160,  lc,  165 ,  and  168 

This  MOO  will  allow  you  to  select  some  measurement  activities  for 
children  and  to  refine  your  understanding  of  the  concepts  and  ability 
to  teach  them  with  a  group  of  colleagues. 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  should  have  a  refined  plan  for 
teaching  a  measurement  lesson  to  elementary  children.    Tou  should  also 
be  a*le  to  identify  some  of  your  strengths  and  weaknesses  in  ability  to 
teach  the  material  using  an  inquiry  approach  with  recommendations  for 

improvement .  v 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.    MMP  videocasettes:    Measurement!  and  Measurement  II 

References  and  materials  in  SME  Resource  Center 
3.    Vid«o  recorder  and  television 

MSTRUCTIONS:  ' 

1.  Select  some  measurement  ideas  appropriate  for  elerientaiy 
children  and  develop  a  45  minute  lesson  for  teaching  the 
material. 

2 .  Submit ,  in  good  form,  your  plan  for  review  and  approval  by 
an  instructor.  Use  the  form  that  you  used  in  MOD 

167. 

3.  With  at  least  three  other  ISMEP  students,  teach  your  lesson 
to  them  while  videotaping  it.' 

4.  Following  the  taping  view  the  tapes  with  the  IShEP  students 
and  a  faculty  member  and  identify  weaknesses  and^tfcengths. 

5.  Revise  your  lesson  with  the  feedback  from  th«  review  seminar. 

FINAL  ASSESSMENT: 

The  MOD  will  be  completed  with  the  submission  of  a  lesson  plan 
revised  with  feedback  from  the  seminar  acceptable  to  the  Instructor. 


MOT  ]:    Static   :isct"k;  -> 
Observ  nc .  1a  *  ~« 


OBJECTIVES; 


•Mde  of  sicpie  materials,  you  will  be  able 
\iz  vitb  either  a  positive  or  negative  charge 

and  t    7.^  ""      :^  charge. 
I,    r*5"-_    '  ,  *n  r.Vjr»cHve  1,  you  will  be  able  to 

;v^.  *         -  ^  ^„  .  ,  *^Lh  iiLher  a  positive  or  negative  charge 

~  '  , ,  ~     \     Tiai  -;o  * 

"  "    4  1  sk*    •  -        Ii3cnarge  an  electrical  storage  device 

^  -  -   „r  /rtccery  by  the  method  of  grounding  it. 

introduction  to  Physical  Science 


FTNAI  A: 


5t iitic  tjiectricity 

:<\%,  pylon  or  fur,  2  strips  of  nylon, 
/vLl,  vire,  jar,  plastic  ruler,  comb 


.-^  *o  the  instructor. 


s 
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Activities  demor strating  some  effects  of  static  electricity 

1.  Hold  the  toe  of  a  stocking  against  the  wall  with  one  hand  and  with  the 
other  hand  rub  it  about  10  times  with  a  dry  plastic  bag.    Remove  the  stocking 
from  the  wall  and  let  it  hang  freely.    The  stocking  is  attracted  to  nearby 
objects,  but  yet  it  seems  to  repel  itself  by  "filling  up"  as  If  It  contained 
an  invisible  leg.    The  following  activities  help  explain  the  reason  for  this 
phenomenon. 

2.  Blow  up  2  balloons  and  tie  them  together  with  a  piece  of  thread  or  string 
abort  3  fee*  long.    Charge  each  balloon  by  rubbing  with  nylon,  fur,  or 
clothing.    Koid  the  middle  of  the  string  with  your  outstretched  arm  and  let 
the  balloons  hang  freely  *    Do  this  several  times  to  determine  if  the  balloons 
attract  or  repel  each  other.    Move  your  hand  near  one  balloon.    Is  the  balloon 

attracted  or  repelled       your  ha  id?  *    Bring  one  balloon  near  *~ 

vat' ,    Is  it  attracted  or  repelled? 


.ay  two  strips  of  nylon  on  a  sheet  cf  paper  and  rub  them  firmly  with  your 
viand.  Lift  up  the  two  pieces  and  place  them  between  your  fingers  so  they 
are  hanging  down.    Do  they  attract  or  repel  each  other?  i  ,  • 

Bring  each  charged  piece  of  nylon  near  each  of  the  two  hanging  charged  , 
balloons.    Do  the  nylon  and  b- I loon  attract  or  repel  each  other?   — • 

A  charge!  object  will  either  attract  or-repel  another  charged  object. 
Therefore,  there  raust  be  tvo  different  kinds  of  charge.    Ben  Franklin  called 
the  two  kinds  of  charges  positive  and  negative  (+,-).    Arbitrarily  call  the 
typt  of  charge  o.i  the  balloon  a  negative  (-)  charge.    Since  both  balloons  were 
cha*  sed  m  rhe  ;,we  manner  say  that  both  Mi  loons  are  negative.    Prom  what 

you  have  seen  ir  activity  "    two  negatively  charged  objects  (attract 

or  :  epeU  each  i  th^r , 

Bot'i  nylon  strifes  we-*  cr  ^       in  the  same  way.  that  is*  you  rubbed  each  in 

the  sarae  manner.    Therefore.   -    ■  should  (attract  or  repel)  each 

r^h^r.    Can  you  deoin^  which  :ha-*e  (+  or  -)  the  nylon  had  on  it?  Explain 
your  reasoning  below.  - 


Now  g1  /*  /our  iv  asonir.g  to  accounc  tor  the  "invisible"  leg  in  the  stocking. 

? 

i 
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3*     Read  bhl/':.<si     A'.:ars,    'a*i-**,  ,  iL-on,  An_  Introdut >  ion  to  Physical  ^  ience, 
iOj  „  o  {.>I  ihfr*  Lai  Sciences,  pp.  200-205.  ^\ 

Vefify  the  phencAcai  stated  in  the  chap cer.    Instead  of  a  pith  ball  use  a 
small  cork  suspended  by  a  tnread*    Instead  cf  a  gold  leaf  electroscope,  use 
aluminum  foil  suspended  cri  a  wire  within  a  jar*    Charge  a  plastic  ruler  or 
pen  with  the  fur  contained  in  the  MOD  tray.    For  your  final  assessment  be 
prepared  to  demonstrate  indjction  of  charge  on  the  electroscope. 
* 

4*    Charge. a  cosib  with  fur,  nylon  or  vccl  and  pick  up  tiny  bits  of  paper* 
Explain  hov  this  occurs     Watch  closely.    After  a  moreen t,  one  bit  of  paper 
shoots  off  the  comb,    ^nen  another  jumps  off*    Still  more  jump  off.    If  they 
are  atf— ~z  f'r^t,  why  arc  they  lat«r  repelled?    To  answer  this  question 

err*,  dn-?         m^*-v        a^atemc^ts  j-acl  questions* 

The    oaib  va3  charge-J  r.egati  vcl  y      >  * 

W.-*  h aliened  to  rvs  cwrtrons  (negative  charge)  in  the  *aper  when  the 

r '  t.  d  v ri- j  o  to  "S<nr  r*^  3.  v 

"*»»v  ;?t  t™3   f   '  r   r°„»j    c   '        tl*C  IT  i 


*.el-:w  i5  d  drawing       ^  !?it  cf  s^owlnfe  the  assemblage  of  positive  and 

negative  r>^rcpc  b^fcre  the  ucmb  vac;  brought  near  it.    Draw  in  the  charges 
dur 2 fyg  *       tl:.-  --p  ~--b  is  ir  ;r     'eir  vicinity  of  the  paper* 


During 

I.  1  • 


:       :»',f  i 


Aj»  sect         '  -  .      " */v  _  "»er?  a  flow  of  negative  charges 

'eiecT'"   ,  — -\r*  c*.  <  to  the  because 


.er^         "shoot"  off  the  comb 
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MOQ  ;75    T*acM:n   Metric  Measurement 
PRERIQUISITES:     :  OD  173 
OBJECTIVES: 

At  the  conclusion  oi  ihi«  MOD  >ou  will  be  able  to  describe  some 
difficulties  tnac  children  have  with  metric  measurement  and  will  be 
able  to  identify  some  nf  ynur  strengths  am"  weaknesses  witTT  teaching 
selected  metric  measurements  to  chii  ^n, 

INSTRUCTIONAL  REFERENCES  S  MATERIALS: 

1.  '  "'SSon  plan  developed  in  MOD  173 

2.  Materials  fr~r   cne  SMF.  Require  t*  Center  * 


1,  At  the  scheduled  tine  you  will  teach  the  lesson  on  metric 
nea.su i^ient  that  yov  developed  in  MOD  173  to  a  grou^  of  4 
Ot  >  elwaef-trt'     vlsiluieu  us*  in;;  an  inquiry  approach  in  an 
area  se.iocl.   

2.  Foi lowing  the  Ljachinfc  experience  vou  will  prepare  in  writing 
a  list  of  ctiiy  difficulties  that  you  encountered  along  with  a 
list  of  your  sLrengLhs  a.id  w^al-nesses  with  the  lesson. 

FINAL  ASSESSMENT  : 

I.    -A  s<_"  imr  »o  review  t^e  Leaihin/:  experience  will  be  scheduled 
with  an  iistrue'oT  an  J  at  'east    fo-jr  other  ISMEP  students. 

_       Br  i  :tg  ;c;ir    i  i<    tie  <\  'hu'U  i\ri. 

2  .         f»  C  t'    U  L  '  r'  I  ivTM 
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MOD  .76    Etilbs  ard  Batter: es  I 

Predicting,  experimenting 

OBJECTIVES: 

1.  Given  a  small  bulb,  battery,  and  wire,  you  will  experiment  to  see 
how  many  ways  you  can  get  the  bulb  to  light. 

2.  Given  a  bulb,  battery,  wire,  and  a  box  of  miscellaneous  items, 
you  will  test  at  least  six  items  to  see  whether  they  conduct 
electricity. 

3.  Given  a  light  bulb,  you  will  take  it  apart  and  observe  its  construction 
to  infer  how  it  should  be  connected  with  a  battery. 

4.  Given  bulbs,  batteries,  and  wires,  you  will  make  predictions  on  a 
prepared  worksheet  and  test  each  system  to  see  how  accurate  your 
predict 16ns  were. 

INSTRUCTIONAL  REPERINCES  6  MATERIALS: 

1-    ESS,  Bulbs  and  Batteries,  Teacher1 a  Guide 

2.  #41  bulbs 

3.  "D"  batteries 

4.  Connecting  wires,  15-30  cm  long 

5.  Wire  clips,  rubber  bands,  box  of  junk,  triangular  file,  wire 
stripper,  burned-out  household  bulb 

FKAL  ASSESSMENT: 

1.  See  objective  1  and  present  to  the  instructor  sketches  of  the 
arrangements  that  resulted  in  a  lighted  bulb. 

2.  pee  objective  2.    For  the  instructor  test  two  objects  out  of 

the  junk  box  to  see  whether  they  conduct  electricity. 

3.  He  prepared  to  <!iscvss  with  tb*=  instructor  your  records  of  o 
activity  2. 

4.  Obtain  a  fiiwl  assessment  sheet  from  the  instructor  and  fill  it 

out  correctly  vic\  the  instructor  and  actually  test  your  predictions 
if  necessary. 
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PROC  aXJREj 

^  / 
1.    Tmat  is  necessary  to  make  a  bulb  light?  '  - 

A.  Ttfy  to  light  a  bulb  using  one  battery  and  one  piece  of  wire.  Sketch 
the  arrangement  that  results  in  a  lighted  bulb. 


How  many  oth^f  ways  can  you  device  to  make  the  bulb  light?  Use  more  wire 
if  yen  need,  it*     Sk$£ch  the  successful  arrangements  in  the  a^ace  below. 


B.  Try  lighting  more  tvia  one  bulb  with  a  single  battery.  Sketch  the 
successful  arrangement. 


C.  Try  lighting  one  bulb  with  more  than  one  battery.  Sketch  the 
successful  arrangements    Suggest  alternate  ways. 
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D  What  particular  pieces  on  the  battery  must  be  touched  for  the  bulb 
to  li5;ht? 


E.  What  particular  places  on  the  bulb  must  be  touched  for  it  to  light? 
£ou  vifr^tm4serstand  this  better  after  activity  2C. 


r 

F.    Try /to  formulate  a  generalisation  about  lighting  the  bulb. 


G.    Experiment  further  with  the  bulbs,  batteries,  and  wires.    Then  turn 
to  the  attached  worksheet.    Initially  make  all  predictions  on  the  sheet.  Then 
test  each  system  to  see  whether  your  prediction  is  correct. 


T 


2,    Kjw  are'  bulbs  made? 

A,  took  carelully  through  a  magnifying  glass  at  a  #41  bulb, 
obser/ation  of  bo*h  the  inside  and  the  outside  of  the  bulb. 


Sketch  your 


B.    ,Put  an  unbroken  burned-out  household  bulb  under  pater  in  a  sink  or 
dlshcan.    File  along  the  line  which  divides  the  glass  from  the  base  until 
water  anto^s  the->ulb.    Record!  your  observation. 


■  ■ 

C.    If  possible,  find  a  burned-out  Hi  bulb.   Remove  the  base  from  the  bulb 
by  using  a  wire  scripper  to  twist  the  silver  colored  top  off  the  base.  Now 
carefully  apply  oressure  to  the  base  and/ the  glass  as  if  you  were  breaking  a 
twig.    Do  this  'in  many  •  positions  around  the  base  and  soon  the  glass  bulb  will 
b£  Icosened  enou^  a  to  slip  out.    Inspect  the  bulb  to  see  why  certain  places  on 
the  tulb  must  be  torched  tefore  it  will  light. 
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177    Optics  ... 
Observing,  fomulating  hypgtfieses         .  a 

PREfEQUISlTE:    Read  Ess,  Teacher's  Guide*  fojr  Optics.    Be  very  familiar  with 
this  guide;  youiwill  reft*  to  it  for  the  activities'  in  this 
MOD.  '  .  '*• 


OBJECTIVES 
1. 


2. 


You  will  be  able  tq  stated  comp!et*e  hypot  heses  Covering  the 
behavior  of 'light  ray£<and  t?o  give  examples  of  methods  used 
to  test  the  varioi^part$  of  your  hypothesis,       ,  y 
You  will  be  able  to  explain  to  the  instructor  the  'phenomenon  of 
color,  \  .  • 


3,     Ycu  will  be  able  to  give  *a  definition  of  the  following-  terms  thaf 
is  satisfactory  to% the  in^tKuctor:     transparent*,  translucent, 
opaque,  reflection,  refraction,  luminous,  wave  length, 

INSTRUCTIONAL  REFERENCES  L  MATERTALS:  , 

1.  Optics,  Teacher's  Guide  '  •  \ 

2.  C^>le,  Cetchell,  Kadesch,  and  Poppy,  The  Physical  Sciences,  * 
Chapter  15,  'ailuminalioi^ 

3.  Krauskopf  and  Baiser,  The  Physical  Universe,  .  *      '*  • 

4.  ESS,  Mirror  Cards  %       m  '  . ,  + 

5.  ESS,  Light  and  Shadows  f f  ' 

6.  Various  masks,  shadow  sticks,  ronibs,  plastic  containers,  meCal 
mirrprs,  light  source,  probe  stick  #  j 

•  /  •  " 

FINAL  ASSESSMENT:  •  • 

1,  ;iee  obj  actives  above. 

2.  r.rmg  t  le-se  activity  sheet*;  to  your  instructor. 
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PROCfOURE: 

Workiag  with  ligh .  can  be  interesting  and  fun.    This  is  useful  general 
Information  bef or :  you  begin  experimenting. 

1.  Light  occupies  a  narrow  band  in  the  electromagnetic  spectrum.  Luminous 
objects  or  illuminated  objects  are  seen,  but  light  can  not  be  seen  unless  it 
is  directed  toward  one's  eyes.  v 

2.  The  intensity  of  light  decreases  as  the  square  of  the  distance  from 
•  the  source. 

3.  Objects  -may  be  transparent ,  translucent,  or  opaque.    Light  striking 
opaque  objects  is  absorbed  or  reflected  so  that  the  object  causes  a  shadow 
to  be  formed.  . 

4.  Li^ht  striking  an  object  may  be  reflected,  refracted,  or  Absorbed.  The 
ygle  at  which  light  is  reflected  from  the  surface  is  equal  to  the  angle  at 

f which  the  incident  cay  ^tidkes  the  surface.    An  image  in  a  plane  mirror 
appears  to  be  as  far  behfitff  the  mirror  as  the  object  is  in  fr^it. 

5 .  L  Lght  may  be  rof racted  as  it  moves  from  one  transparent  material  into 

.  othar^ae  from  air  to  glass.    Lenses  change  the  direction  of  light  rays 
/  retraction,  always  bending  the  rays  toward  the  thicker  part  of  the  lens. 

6.  White  light  is  made  of  light  of  many  colors  that  can  be  separated  when 
pacsed  through  a  prism.    The  sensation  of  color  depends  upon  the  wavelength 

of  r.he  light  energy  that  reaches  the  eye.  Violet  light  has  high  frequency  and 
short  wavelength.    Red  light  has  low  frequency  and  long  wavelength. 

7.  The  primary  colors  of  light  are  red.  green,  and  blue.    Colors  can  be  mixed 
by  addition,  as  in  overlapping  Tight  transmitted  through  color  filters. 
Primary  colors  can  also  be  mixed  by  subtraction*    Color  by  subtraction  occurs 
because  some  colors  are  absorbed  while  others  are  reflected  to  the  eyes. 
Color i  seen  by  reflected  lig!\*  are  a  result  of  subtraction. 

Be  very  careful  utile  working  the  activities  in  this  MOD.    Follow  these 
safet;  precautions. 


1.  Caeck  all  wiring  for  frays.    Report  damaged  wires  to  the  instructor. 

2.  Check  light  bulb  for  broken  filament.  - 

3.  ttork  on  a  scorch-proof  surface  such  as  a  lab  table.    The  bulb  get?  very  hot. 

4.  Do  not  drip  water  on  the  hot  bulb. 

5.  I*  the  bulb  should  break,  unplug  the  light  source  immediately. 
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Activities  Note:    Better  observations  may  be  made  if  you  work  in  a  dark  or  dim  area. 


1.    lirrors  and  2lght  . 

Tou  ?ill  need  a  light  source,  metal  mirrors,  and  screen  for  these  activities. 


Light 
Source 


Screen 


Mirror 

A.    Work  with  your  materials.    See  what  you  can-do  to  the  light  with  your 
mirrors.    How  many  times  can  you  reflect  the  light  beam  from  one  mirror  to 
the  next,  to  the  next,  and  so  on?.  Wh^t  happens  to  the  Intensity? 


I,    Cut  a  square  hole  2  cm.  on  a  side  In  a  piece  of  stiff  paper.,  Support 
this  piece  of  paper  25  cm.  In  front \of  the  lamp.    Since  the  first  piece  of 
paper  becomes  a  mask  for  the  lamp,  this  piece  of,  paper  will  be  referred  to  aa^r 
a  lighw  Source.    See  the  diagram.  , Support  a  second  piece  of  stiff  paper  50  im. 
*  on  the  lamp.    Aa  carefully  as  possible  draw  a  line  around  the  illuminated 
tea  on  the' paper  In  the  first  position.    Measure  the  illuminated  area.  Move 
^the  paper  to  the  second  position  7$  cm.  from  the  lamp  and  repeat  the  measurement. 

Does  the  light  intensity  decrease?   ,        Is  the  total  amount  of  light 

energy  falling  on  each  total  measured  surface  the  same?   Make  * 

generalisation  about Jthe  intensity  of  llg^t. 


\ 


"Light  Source" 
^±e 


1st  Position 


2nd  Position 


Lamp 


n.    What  do  ycu  see  when  you  put  your  wooden  probe  in  frorft?  of  any  mirror? 


PiacH  the  probe  in  other  positions.    Can  you  see  a  difference? 

)>.  Can  you  place  the  probe  in  a  position  to  cast  two  shad 
four  shadows? 
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a  h  tthtliV  e<*PerJ?ent±n8'  r6fer  t0  ESS«  QptlC8-  Teacher's  Guide.  Construct 
In^nsUy  8  ter08!  ^^^^^  and 


2.    Colored  light 

SlYneed'a  iL^l  are  oore  observed  in  the  darkroom.  You 

Say  m  t!  Lf  I  fr"'/3  aaf  *  2  alrror8'  probe  stlck«  and  sc«<*-  *>u 
nay  want  to  use  a  large  sheet  of  white  paper  lying  flat  between  the  lisht 


Mix  the 


to.e^er"^  71?  t^lV?  COl°TB  you  produce  b*  8hlnl*S  beams 
togeuier  as  illustrated  in  the  following  diagram? 


HirrQ^-^r 


Paper  lying 
flat 


Screen 


Mirror 


Red 

Blue 

i  Green 

Red 

Blue 

.  _Green  - 

MOD 


0.  ^Jtie  youi  hand  as  the,  screen*    What  do  you  notice? 


Use  ofher  non-fLat  objects  as  the  screen.    Does  the  same  effect  prevail? 


B.    Place  the  probe  stick  at  many  different  positions.    Notice  what 
happens  to  the  shadow.    Look  very  closely. 

Can  you  place  the  probe  stick  so  that  a  yellow  shadow  results?  m 

a  blue  shadow?    a  red  shadow?    Is  it  possible  to  produce 

a  white  shadow?    Give  your  explanation  of  a  shadow  and  why  it  can 

be  formed  in  shades  of  different  colors. 


3.  Refraction 

You  will  need  a  light  source,  mask,  plastic  container,  prisiu,  probe  stick,  comb, 

and  a  screen.    Fill  your  plastic  container  with  tap  water.    Do  not  drip 
vater  on  the  hot  light  bulb.  / 

A.  Put  a  filled  container  in  a  beam  of  white  light.    What  do  you  observe? 

■  > 

B.  Place  a  pencil  in  a  water-filled  container  and  lock  at  it  from  the 
s id**.    Draw  what  you  see. 


Can  you  explain  this? 


C.  Can  you  produce  colors  from  a  white  beam?    Refer  to  activity  3A.    A  prism 

also  refracts  light;  try  using  a  prism  to  produce  cofored  light,  on  the  screen. 

D.  Place  a  probe  stick  between  the  light  source  and  the  filled  container. 
What  happens? 


i 
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F.    Experiment,  with  slit  mask  #2  and  primary  color  mask  f  5.    Allow  each 

beam  to  pass  through  a  prism.  \        Do  all  3  colors  bend  the  same?  m  

Devise  an  experiment  in  which  you  can\show  how  much  each  color  bends .  Explain 
how  you  set  up  this  experiment  and  record  the  sequence  of  steps. 


G.    Place  la  small  container  inside  a  larger  one.    Refer  to  Optics; 
Teacher's  Guid£f  p.  38.     Study  the  behavior  of  light  through  such  a  system. 


H.    Add  some  sugar  to  the  water  in  the  container  to  see  if  this  affects 

the  bending  (length)  of  the  light  rays.  ^ 

I  For  a  better  understanding  of  color,  read  ESS,  Optics,  Teacher's  Guide, 
pp.  »-50. 
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MOE  179    Birds  in  the  Environment 


ISMEP 


PREREQUISITE:     Read  pp.  8  -  12  in  The  T,and  Birds  by  H.   E.  Jaques.  ' 
OBJECTIVES: 

1.  Given  several  bird  reference  hooks  and  binoculars,  in  the  field 
you  will  identify  at  least  sLs  different  species  of  birds.  If 
a  particular  species  of  bird  has  ?  descriptive  title  prefixing  the 
group  name,  for  example.  Scarlet  tanager,  Summer  Tanager,  the 
full  title  must  be  included  in  the  identification. 

2.  Given  a  cassette  tape  recorder,   in  the  field  you  will  record  the 
call  of  at  least  three  birds  excluding  the  House  Sparrow,  and 
identify  the  birds  by  comparing  their  songs  to  the  ones  on^tfie 
reference  records  in  the  laboratory. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

.   1 .     Jaques^_The  Land  Birds 

2.  Jaques  and  OlUvier,  The  Water  Birds 

3.  Peterson,  Hpw_J^o_^ 

4.  Robbins,  Bruun,  ana  Zim,'  BiTcHTot  North  America 
5/    Zim  and  Gabrielson,  Birds 

6.  Dover  I ublications,  Inc.,  Common  Bird  Songs,  Bookiet  and  J2-in. 
record  _2  

7.  Dover  Publications,  Inc.,  Son«>s  of  Western  Birds,  Booklet  -arid 

12-in.  record  ^ 

8.  Dover  Publications,  Inc.,  f>on^s  o  f  Eas  t  ern  jirds ,  Booklet  and 
12-in.  record 

9.  Record  player,  cassette  re,  order/player ,  microphone  (Resource  Center  or  AV  room 
10.     Tape  "Bird  Songs  for  MOD  179"  (Records  *  this  tape  to  be  obtained 

PROCEDURE:  *       fr°m  Resou^e  Center> 

Follov  the  steps  outlined  in  the  objectives  above.     Record  the  date, 
time,  and  location  of  the  sitings  and  the  taping. 

FINAL  ASSESSMENT: 

1-     For  objective  1:     Bring  in  a  list  of  six  identified  birds  and 

the  reference(s)  that  enabled  you^  to  identify  the  birds. 
2.     For  objective  2:     Have  the  cassette  recorder  and  the  album  ready 

to  play  before  your  appointment  time  so  that  the  instructor  can 

verif\  your  fdentif ication  or  the  bird  song. 

# 

NOTE:     Ary  equ'  ment  used  in  this  MOD  is  to  be  signed  out  for  a  maximum 
of  24  hr  irs.  '* 
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MOD  180      Extend  ?d  Exercises  In  Awareness  Geometry 


OBJICTIVE^ 


After  this  MOD  you  v  i ]  1  be  able  to  analyze  geometrical  shapes     in  com- 
mercial containers,  recognize  and  d-scrt.be  regular  polyhedrons,  name  and 
identify  plane  surfaces  which  can  he  formed  by  making  plane  slices  in  geometric 
solids,  and  demonstrate  the  use  of  patterns  f orJ discovering  relationships  in 
geontet  r ic  f igures . 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP ,  Awareness  Geometry 

2.  Magnus  J.  Wenninger,  Pol^hedra L _Modei s  in  the  Classroom,   (Rest on, 
Virginia:     NCTM,  1966"). 

3.  Potato  or  modeling  cl^y. 

•4.    Knife  i»r  wire  with  wshers  on  ?nds. 

5.    Assortment  of  solid  shapes  including  several  polyhedral  shapes. 
SSTRUCtlONS: 

In  the  MMP,  Awareness  Geometry  ansver  on  paper  or  make  constructions  where 
applicable  for: 

Activity  3  -   Items  5  (List   reasons/  and  6 

Activity  4  -  Items  1,2,3  (Cards  .ire  in  MOD  f ravt7~anil - h  (Laminate  your 
pard  game  for  your  permanent    file  ) 
Activity  5  -  Items  I,  2,  3,  4,  r>,  and  (> 


FINAL  ASSESSMENT; 


1. 
2. 
3. 


•iring  paper  or  construct  ic^  t  >  the  evaluation. 
See  objectives. 

Be  pre}  ared  to  dij;<  >hs  yetir  written  records  and  constructions  with 
t  he  int  cruder. 
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MOD  1 >2      Comparing  Volumes  1 
OBJECTIVES: 

It  the  cone  I  jsion  pf  this  MOD  you  should  be  able  to: 
K     Der..,mstrate  i  way  to  ecrnipai  e  two  volumes^ 

2.  Identify  which  of  two  containers  has  the  larger  volume, 

3.  Demonstrate  a  wav  to  compare  the., volumes  of  two  containers 
by  reference  to  a  third  container  or  object. 

4.  Demonstrate  a  way  to  measure  the  volume  of  a  container  using 
a  supplied  stan  lard  of  reference. 

5.  State  and  demonstrate  the  **elatit  .iship  between  the  volume 
of  a  cone  and  a  cylinder  with  equal  bases  and  heights  and 
between  a  pyramid  and  a  cuhe  with  equal  bases  and  heights. 

6.  Measure  and  express  in  metric  units  the  volumes  of  containers  ► 
by  using  a  graduated  slimier. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 


1.  SAPA  23;  Comparing  Volumes 

2.  15  drinking  glasses,  of  different  sizes,  labeled  A-0 

3.  Masking  tape 

4.  Felt-marking  pen 

5.  Containers,  several  30  ml.  , 

6.  Sand  '   -  ^ 

7.  Paper  for  recording  data 

3.  Two  fai^y  large  boxes  about  thr  same  size,  labeled  A  and  B 

9.  Geometric   containers,  plastic:     cone,  cylinder,  pyramid,  cube 

13.  Graduate  !  cylinders 


INSTRJCTIONS: 


1.  In  SAPA  .13  Comparing  Volumes  re.id  ,!Rat  ionale"  and  "Introduction" 
pp.   3-4 . 

2.  Perform  Activity  Kbe  sure  to  record  your  data), 

3.  Bring  five  rectangular  boxes  of  vour  choice  and  perform  Activity  2. 

4.  Using  boxes  A  and  K  perform  Activity  3, 

5.  Using  a  graduated  eylipdo'-  measure  and  record  the  volumes  of  the 
glasses  and  the  geometric  containers  in  Activity  1. 

6.  State  a  relationship  between  thv  , volume  of  the  cone  and  cylinder 
and  the  cube  and  pyramid*    v  ,>WL 

FINAL  ASSESSMENT:  \^ 

1,  Bring  all  data  to  the  assessment. 

2.  See  obj cv t ives. 
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Observing,  defining  opera t tonally 
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PREREQUISITES:    MOD  177  f  "Optics" 
OBJECTIVES: 

1.  Given  a  light  bulb,  concave  mirror 9  tape  measure,  and  paper,  you 
will  be  able  to  -bring  an  Image  of  the  light  bulb  to  focus  by  using 
the  concave  mirror.  * 

2.  Given  the  materials  ip  objective  1\  you  will  be  able  ^  manipulate 
-  the  light,  mirror,  and  paper  screen  to  show  a  relationship  between 

the  following  variables:  \ 

a.  image  else 

b.  objfect  distance  (l.e«.»  distance  between  light  and  wall) 

3.  Given  a  convex  lens,  light,  tape  measure,  and  paper  ecr**n,  you  will 
be  able  to  perform  the  same  investigation  as  for  objecdve  2  except 
that  the  word  "lens"  will  be  substituted  In  place  of  "mirrcr. 

4*    Given  two  convex  lenses  of  different  focal  Jongths,  you  will  be  able 
to  manipulate  them  to  make  a  simple  microscope  and  telescope  i 

5.  Given  a  concave  mirror  and  a  convex  lens,  you  will  be  able  to 
manipulate  them  to  make  a  simple  telescope. 

6.  You  will  be  able  to  determine  the  focal  length  of  a  concave  mirror 


INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  Physical  ecience  books  on  lenses  and  mirrors 

2.  Light  bulb,  concave  mirror,  cape  measure,  convex  lens,  paper  screen 
FINAL  ASSESSMENT: 

1.    See  objectives  above. 

2«    You  will  be  asked  to  demonstrate  for  your  Instructor  your  ability 
to  manipulate  a  concave  mirror  and/or  convex  lens  In  order  to  find 
its  focal  length. 


or  convex  lens. 


r 


/ 
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FROCB  UBE: 
^KMtil  Informatiia 

If  you  ate  a  learner  who  likes  to  road  background  intonation 
on  the  subject  before  investigating  on  your  own,  uaa  the  physical  science 
texts  found  In  the    ismep  \  resource  center.   By  reading  you  might  "discover" 
relationships  from  the  text  information  that  otherwise  would  go  unnoticed  in 
actual  Investigation.   However,  the  procesa  objectives  for  thla  MOD  are 
obeervlng  end  defining  operationally  and  these  skills ,  of  course,  can  not  be 
obtained  by  textbook  knowledge.   Therefore,.  It  will  be  necessery  for  you  to 
gather  data  using  some  of  the  materials  in  the  MOD  tray. 

activities 

1.  01  tain  an  image  of  the  light  by  piecing  the  light  bulb  bef-.en  the  mirror 
end  tie  screbo  (or  well)  end  moving  the  mirror  beck  and  forth.   As  you  probably 
notice.,  the  mirror  will  project  e  somewhat  dim  Image  et  one  location.  By 

kr  ping  the  light  in  the  same  place  but  moving, the  mirror  e  greater  distance 
f  im  the  light,  e  brighter  image  will  be  formed.   This  Is  beceuee  the  mirror 
heevtwo  surfaces  which  arc  reflecting,  the  front  conceve  surface  (dim 
reflection)  end  the  silvered  "reer"  surf see  (brighter  reflection) .   Use  the 
brighter  image  for  your  investigations. 

2.  Place  a  light  bulb  that  la  lighted  on  e  chalk  mark  on  the  floor.  Meaeure 
the  distance  from  the  light  to  the  wall.   Move  the  conceve  mirror  In  end  out 
until  an  image  la  formed  on  the  wall.    Is  the  image  Inverted,  or  la  it  right 

aide  up?   Meaeure  the  size  of  the  Image,  end  the  distance  between. 

the  light  end  the  well.   Also  measure  the  distsnce  between  the  mirror  and  the 
object  when  the  Image  la  in  focue.    Call  this  trial  #1  and  record  your  deta 
for  this  and  all  your  repeated  trials.    Repeat  the  atepa  above  but  change  the 

■  distance  between  the  light  end  the  wall.   With  the  mirror  again  bring  the 
image  to  focus  on  the  wall.    Record  the  data  for  your  trlele  below. 

Well-Light  Distance      Image  Size       Mirror-Obi ofct  Distsnce 
Trial  #1      

Trial  #2 

Trial  #3 

'Trial  #4 

Trial  #5 
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Looklt  g  *t  your  ds  a  cowplete  tht  relationship  statement  below. 

As  tht  wall-light  llstance  (lacfww  or  decreases)  the  laagr. 

•lse  (Increases  or  decreases).   It  this  on  Inverse  or  dlrecc 

proportion?  * 

,  In  all  3  trials  la  tha  dlacanca  between  tha  mirror  and  tha  light  approximately 
tha  mm  or  la  tha  dlatanea  markedly  different?  Tha  dlatanca  la  to  ba  observed 
•ban  tha  Image  la  la  focus. 

Flees  tha  ligh*  on  a  chalk    rk  on  tha'  floor  and  measure  tha  dlaunca  from 
tha  light  to  tha  wall.   Manipulate  tha  lana  to  gat  a  sharp  laaga  of  tha  light 

aourea  on  tha  wall.   Is  tha  laaga  Inverted  or  la  It  right  alda  up?   

Maasura  tha  slsa  of  tha  laaga  and  tha  dlatanea  batvaan  tha  light  aad  wall. 
Cal?  this  trial  #6  and  raeord  your  data  below.  Also  obaarvo  tha  distance 
,  between  tha  lana  and  tha  light  when  tha  laaga  Is  In  focus.   Repeat  for  trials 
7,  8,  9,  10  by  varying  tha  object-wall  dlatanca. 

Wall-Llaht  Dlatanca      lasts  Slsa      jfflS^yghj  Dl^tsncs 

(whan  laaga  la  In  focus) 

Trial  #6 
trial  #7 
Trial  #8 
Trial  #9 
Trial  #10 

Bnaaiaa  your  data  and  coaplata  tha  following  relationship  ststaaanta: 

as  tha  wall-i.ght  dlatanca  _  (lncraaaaa  or  dacraaoas)  tha  laaga 

•!«•  (lncreas**  or  dacraaaae) .   Aa  tha  wall-light  dlatanca  

(lacreeeeo  or  decreases )  tna  dlatanca  whan  laaga  la  In  focus  batwaan  tha  lana 
*»*  light  (lncraots»s  or  dacraaaas). 

4.   Tha  focal  length  of  a  oeuvax  lans  can  ba  roughly  defined  as  ths  dlstaaea 
batwaan  tha  canter  of  tha  lans  sod  tha  eaalleet  dot  obtained  on  a  ecreen  whan 
parallel  raya  (e.g.  froa  the  sun)  pass  through  tha  h        See  ths  dlagraa 
below. 
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SlapJ.  T«leacope 

Hm  1  power"  of  a  :clescope  Is  obtained  by  the  objactlva  lens  (Una  farthaat 
fro*  eye)  focal  length  divided  by  the  focel  length  of  the  eyepiece  (lene 
cloetet  to  the  eye). 

Find  the  focal  lengths  of  two  leuses  In  the  box  by  using  the  sun  ee  e  light 
source.   Record  these  focal  lengths.    Next,  hold  e  lens  In  each  hand  and 
aenlpulete  then  to  get  an  outdoor  scene  to  sppeer  larger. 

Staple  Microscope 


Using  the  sane  two  lenses  as  In  the  simple  telescope,  manipulate  the  lenses  so 
en  object  can  be  magnified  ee  In  a  microscope.    Hold  the  lene  with  the  longer 
focel  length  next  to  your  eye. 

5.    With  your  back  to  the  window  hold  the  concave  mirror  at  ara'e  length, 
looking  at  the  mirror,  you  will  observe  a  blurred  scene.    Next-    try  to  bring 
the  blurred  outdoor  scene  into  focus  by  observing  the  mirror  through  a  convex 
lens.    Bold  the  lens  next  to  your  eye.    You  might  need  an  assistant  to  hold 
tr 4  mirror  for  you  In  brd*r  to  get  enough  distance  between  the  eyepiece  and 
i  .rror  for  proper  focus. 

,  To  obtain  the  magnifying  power  of  this  simple  telescope  you  need  to  know  the 
focal  lengths  of  both  the  mirror  and  lens.    Since  you  probably  already  know 
the  focal  length  of  the  lens  from  the  previous  activity $  you  will  only  have 
to  obtain  .the  mirror's  focal  length.    Let  direct  sunlight  hit  the  mirror  and 
reflect  to  a  dark  paper  or  cardboard  surface*    When  you  get  a  small  dot  and 
eventually  smoke  t  measure  the  distance  from  the  center  of  the  mirror  and  the 
dark  paper  screen.   This  distance  Is  the  focal  length  of  the  mirror.  Be 
very  careful  not  to  look  at  the  direct  rays  of  the  sun  In  the  mirror.  You 
nsyie  blinded  1  — 

Dlvlte  the  focal  length  of  the  mirror  by  the  focal  length  of  the  eyepiece. 
Th*  answer  Is  the  magnifying  power  of  this  reflecting  telescope  system. 


\0 
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SHIPPED  TO  EDRS  FOR  FILMING • 
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MOO  185  Extend  .ng  Metric  Measures 

i 

This  MOD  is  planned  -to  provide  you  with  drill  to  strengthen  your 
metric  measurement  knowledge  and  personal  cbnfidence  in  using 
metric  measurement.    Since  we  are  rapidly  moving  into  the  metric 
system  of  measurement,  it  is  important  that  this  be  stressed  in  our 
integrated  science-mathematics-education  program  for  the  preservice 
elementary  teacher. 

OBJECTIVES: 

The  student  will: 

1.  Be  able  to  handle  the  prefixes  with  confidence 

2.  Be  able  to  think  metric 
-  3.     Be  able  to  "Compute  in  metric  measurement 

MATERIALS: 

Work  sheets  1  -  12, found' in  dravsr  in  desk  at  front  of  lab 
Assarted  metrics  reference  books  found  in  Resource  Center  like  booklet 
INSTRUCTIONS:  "What  about  Metric?" 

Complete  all  twelve  sheets  alone  in  so  far  as  possible.  Consult 
with  partner  and  reference  materials  as  needed. 

FINAL  ASSESSMENT: 

1.  Leave  the  completed  exercise  sheets  with  the  secretary. 
After  the  sheets  have  been  reviewed,  they  will  be  returned 
in  your  box. 

2.  If  your  sheets  are  checked  as  acceptable,  ask  the  secretary 
for  a  10-item  paper-and-pencil  quiz  and  complete  it  (to  be 
done  individually  without  references). 

3.  Successful  completion  of  the  MOD  will  be  determined  by 
successfully  completing  the  exercise  sheets  and  obtaining 
80%  competency  on  the  paper-and-pencil  quiz. 
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MOST  FREQUENTLY  USED  METRIC  UNITS 


Attribute 

Unit 

If  "1  1  f\wws  a^AV 

KllV/UlCLCi 

Kin 

meter 

-  m 

• 

centimeter 

cm 

millimeter 

mm 

Area 

km2 

hectare  (10,000  m2) 

ha 

square  meter  \ 

m2 

square  centimeter 

cm2 

Volume  or  Capacity 

cubic  meter 

n.3 

cubic  decimeter 

dm3 

•  *■ 

liter , 

L 

a    cubic  centimeter 

cm3 

milliliter 

n»L 

Mass  (weight) 

metric  ton  (1000  kg) 

t 

kilogram 

kg 

gram 

g 

♦ 

milligram 

mg 

Time 

day 

hour 

h 

minute 

min 

second 

s 

Temperature 

decree  Celsius 

°C 

Speed  ?r  Velccity 

meter  per  second 

m/s 

kilometer  per  hour 

km/h 

Plane  \ngle 

degree 

0 
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MOD  i  6  Ideatif ic  tlon  of  Gases 
Defining  « peretlonally 

CBJECTIVES: 

1.  Given  s  pan  of  water,  tubing,  and  a  Jar,  you  will  collect  over  water 
the  air  you  exhale. 

2.  Given  vinegar  and  baking  soda,  you  will  generate  and  collect  carbon 
dioxide  gas  (C02)  and  test  it  for  its  properties. 

3.  Given  hydrogen  peroxide  and  manganese  dioxide,  you  will  generate  and 
collect  oxygen  gas  and  test  it  for  its  properties.  v 

,   4-.  Given  iron  filings  in  a  plastic  bag,  you  will  obtain  nitrogen  gas  and 
test  it  for  Its  properties. 

5.  Given  activities  2,  3,  and  4  above,  you  will  formulate  operational 
definitions  for  carbon  dioxide,  oxygen,  and  nitrogen. 

6.  You  will  collect  gas  evolved  from  a  seltzer  tablet  by  any  workable 
means  which  you  devise  and  Identify  the  gas  by  carrying  out  appropriate 
tests. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SAPA,  92,  Three  Gases ^ 

2.  Pans,  gallon  jar,  Tubing,  pint  Jars,  vinegar,  baking  soda,  llmewater, 
bromothymol  blue  solution,  manganese  dioxide,  3%  hydrogen  peroxide, 
Iron  filings,  plastic  bags,  sealing  wax,  seltzer  tablets 

FINAL  ASSESSMENT: 

1.  Report  your  work  for  objectives  1,  2,  3,  and  4  to  the  Instructor. 

2.  See  objective  5. 

3.  Report  of  results  pertaining  to  objective  6  above. 
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PROCE0URE: 


Work  In  groups  of  3  or  4  It'  possible.  Read  directions  carefully  before  you 
begin  to  work. 

1.    Invert  a  gallon  Jar  filled  with  water,  and  piece  It  In  e  pan  of  weter  eo 
that  the  open  end  Is  under  weter.    Teke  a  deep  breeth  end  exhale  through  s 
tube  that  leade  to  the  open  south  of  the  gallon  jar.    See  how  much  of  your 
exhaled  air  you  can  collect  over  water.    This  procedure  which  shows  you  the 
generel  technique  for  collecting  gases  over  water  will  be  useful  In  the 
following  ectlvltlee. 


2.  A. 


Baking  soda 
and  vinegar 


 Pint  Jar  filled 

with  water 


Water 


Put  ebout  20  g.  of  beklng  eoda  In  a  250  ml.  flask  and  meaeure  out  In  a  eeperete 
container  ebout  47  ml.,  of  white  vinegar.    Do  not  mix  the  vinegar  end  baking 
eode  until  all  of  the  equipment  Is  ready  end  the  collecting  Jer  le  filled  with 
water  end  reedy  to  be  Inverted  over  the  tubing.    Use  a  pint  Jar.    Hold  on  to 
the  jer  In  the  weter. 

When  the  equipment  le  reedy,  eld  the  vinegar  to  the  baking  eoda  and  put  the 
cork  with  the  tubing  Inserted  Into  the  f lesk.    When  the  jer  le  filled  with 
cerbdn  dioxide,  lift  up  the  jar  carefully  end  quickly  put  plate  glees  over  the 
mouth  of  the  jar.    Try  burning  a  match  In  the  Jer.    "Pour  out"  the  remaining 
contents  of  the  jar  on  to  a  burning  candle.    Record  below  Whet  heppens. 
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2.  B. 


Baking  soda 
and  vinegar 
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Bromothymol  blue  solution 
or  llaewattr 


Mix  13  g.  of  baking  aoda  and  35  ml.  of  white  vinegar  and  lead  the  carbon 
dioxide  that  evolves  through  a  tube  so  that  it  bubbles  through  a  ttst  tube 
half  full  of  brooothynol  blue  solution  *nd  a  test  tube  half  full  of  llaewater. 
Record  below  what  happens. 

In  the  apace  below,  write  en  operational  definition  of  carbon  di^U j  baaed 
on  what  you  observed  lr  A  and  B  above. 


3.    Use  the  saae  kind  of  apparatus  as  in  2  above.    Be  eure  the  flask  la  clean. 

A.    Add  H  tap.  of  aanganeee  dioxide  to  100  ml.  of  hydrogen  perloxlde  (3% 
solution  in  water)  and  collect  the  oxygen  that  evolves  in  a  pint  jar  over  water, 
ght  a  wood  splint,  allow  it  to  burn  for  a  tine,  blow  it  out»  and  Insert  a 
loving  splint  into  the  jar.    Record  below  what  happens.    Invert  the  Jar  over 
turning  birthday  candle.  Results? 


B.    Add  h  tap.  of  manganese  dloxidt  tp  SO  ad.  of  hydrogen  peroxide  and  allow 
the  oiygen  that  evolves  to  bubble 7 through  a  teat  tube  half  full  of  brosothymol 
blue  colutlon  and  another  teat  tqbe  half  full  of  llmevetcr.   lucord  the  results. 

Write  an  operational  definition  of  oxygen  besed  on  what  yofU  observed  in  3»  A 
and  B. 
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Tub.  ^p-'4^V?r 


Sealing  wax 


Damp  paper 
with  iron 
filings 


A*    Cut  a  piece  of  paper  towel  about 
4  cm.  by  4  cm*  and  dip  it  in  water. 
Sprinkle  iron  filings  on  it  until  the 
surface  la  just  covered.    Fold  the 
piece  of  paper  towel  in  half  so  that  the' 
Uinga  are  inside.    Put  the  paper  and 
n  filings  inside  a  plastic  bag  that 
i  a  pint  capacity.    With  a  rubber 
»«ud,  close  the  bag  tightly  around  a 

in.  length  of  stiff  plastic  or  glass  , 
cubing  and  seal  the  end  of  the  tube 
with  sealing  wax  or  modeling  clay  as 
shown  in  the  diagram.    Set  the  bag 
aside  for  24  hours. 


B.    Cut  and  moisten  another  piece  of  paper  towel  sprinkled  with  iron  filings. 
Roll  It  and  insert  it  into  the  barrel  of  a  50  cc.  syringe.    Force  it  into  the 
tip  of  the  barrel  so  that  it  will  not  fall  out  when  the  barrel  xs  inverted. 
Put  enough  water  In  a  beaker  so  that  the  water  level  in  the  syringe  will  be 
bt  /een  the  marks  for  45  and  50  cc.  when  the  syringe  is  placed  into  the  beaker.' 
S<    the  diagram.    After  the  syringe  is  in  the  water,  seal  the  top  with  sealing 
wax  or  modeling  clay.    Set  it  aside  for  24  hours.    After  24  hours*  read  the 
water  level  inside  the  syringe  and  calculate  how  much  of  the  original  air  wa'a 
nitrogen.    Assume  that  what  remains  in  the  syringe  is  mostly  nitrogen  and  that 
the  oxygen  was  used  up  in  combining  with  the  iron  filings. 


Paper  with  iron  filings 


3o 

iS 
yt> 

So 


Water 


After  24  hrs.  return  to  the  plastic  bag  prepared  in  activity  4A  which  should 
then  contain  mostly  nitrogen.    Quickly  removt  the  seal  and  attach  a  length  of 
flexible  tubing.    Then  squeese  out  some  of  the  nitrogen  so  that  It  bubbles 
through  a  test  tube  half  full  of  brooothymol.  blue  solution  and  another  test 
tube  half  full  of  limewater.    Record  the  results  below. 

Squeeze  son*  nitrogen  into  a  test  tube  or  use  the  nitrogen  remaining  in  the 
syringe  prepared  In  activity  4B.    Thrust  a  burning  match  into  the  nitrogen 
gas.    Record  the  ;esults  below. 

In  'the  space  below,  write  an  operational  definition  of  nitrogen  based  on  what 

you  observed  in  the  activities  outlined  above.  > 
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5.  Ir  the  space  b»low,  describe  the  method  .and  arguments  y<  u  used  in  order 
Co  achieve  objecti  ;e  6, 
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OfUm  r  VI  S: 


1.  From  i  he  observations*  made   in  your  e*pei Amenta ,   yo»t  will  be  able 
to  show  that  plants  in  their  metabolism  procure  carbon  dioxide. 

2.  From  the  observations  made  in  your  experiments,  you  will  he  able 
to  show  that  plants  in  their  metabolism  use  and  produce  oxygen. 

3.  From  the  information  gained  in  this  MOD,  you  will  be  able  to  *  ~ 
convince  the  instructor  that  plants  in  respiration  use  an  amount  of 
oxygen  equal  to  the  a  mo  i.  at  ol  carbon  dioxide  they  produce. 

Optional 

A.     You  will  design  an  experiment  in  which  you  iould  show  the 

instructor  that "plants  use  carbon  dioxide  in  th^ir  metabolism. 


INSTRUCTIONAL  REFERENCES  &  MATERIALS: 


1.  SAPA*,  92  ,  Three  Cases 

2.  This  h^D,  pp.  2-5 

3.  General  biology  and  botany  references 
brinking  straws,  b'romothymol  bjue,  t/st  tubes,  tunnel,  El_odea, 
beaker  (400  ml),  sodium -bicarbc 
solution,  ring  stand,  clamp 

SCIS,  Ecosystems,  Teacher's  Guide,  pp.  39-76 
CSSMKNT: 


solution,  potassium  hydroxide 


•e  objectives  l-'i  above. 
Kiuort  <>n  your  design,,  if  you  completed  objective 


<4  . 
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PRn'MUJKK: 


This  MOD  is  called  "Respiration"  although  uhis  general  h. format  ion  is 
ahuut  metabolism.  It  and  other  related  terminology  nt't-,1  to  he  clari- 
fied.   ^\  ;  * 

Bxtarnal  Inspiration:    The  sxchanga  of  gasai  batwaea  the  snvironaant  outslda 
tb«  orgaulan  and  tbs  organism.   This  axchania  takes  plica  across  tha  linings 
lnalda  tha  lunga.    Nota  that  tha  apaca  in* ids  tha  lungs  la  actually  a  part  of 
tha  axtarnal  anvlronmsnt  In  that  It  la  continuous  fepan)  to  tha  air  outalda. 

Intamal  Raaplratlon:    Tha  axchanga  of  gaaab  batwaan  tha  blood  (or  apaca 
around  tha  calla)  and  tha  calla. 

Hatabollan:    Tha  total  of  all  cheadcal  raacjtlons  that  taka  placa  In  a  living 
organlsa. 

i! 

Baaplratlont    Thosa  chaslcal  rase t Ions  in  a  living  organism  that  usj  oxygen 
•nd  prodoca  carbon  dloxida. 

All  living  organlana  nuat  aataboliaa  In  ordsr  to  carry  on  llfs-auatalnlng 
procaaaaa,  such  aa  growth,  reproduction,  rapalr,  and  notion.   Organlana  nuat 
constantly  build  Urga  chanlcal  -ubstsncas,  from  smallar  ooaa fcnabollsm)  and 
nuat  constantly  taar  down  larga  nolaculaa  In  rapalr  and  to  una  aubstaacaa  for 
anargy  (catabolian)  4  Oaa  axnmpla  of  a  catibollc  raactlon  la  braaking 
fusl  subatancaa  to  raallsa  tha  anargy  s tor ad  in  thaaa  substancaa.   With  tha 
exception  of  a  f aw  bacteria,  most  organlana'  uaa  oxygon  and  produce  carbon 
dloxida  in  thaaa  particular  catabollc  reactions.    Thaaa  raactlons  a 
axanplaa  of  raaplratlon.   All  gram  plant*  ara  capabla  of  building  Urga 
chanlcal  substances  fron  tha  basic  raw  materials,  at  carbon  dloxida  and  watar, 
In  a  procaaa  called  photosynthesis.   Phomoyatheala  la  ona  axanpla  of  an 
anabolic  procaaa.    A  living  organism  carries  on  many  anabolic  and  catabollc 
r •actions.    Raaplratlon  and  photoaynthaala  ara  but  two  axanplaa. 

Reflect  on  tha  uaa  and  production  of  oxygon'  and  carbon  dloxida  to  raallsa  that 
»we  nuat  hava  a  balanced  systaa).   Living  organlana  nuat  produca  aa  much  oxygan 
aa  thay  uaa  If  tha  oxygan  content  of  tha  air  la  to  r amain  tha  sans.  Llkawiaa 
living  organlana  nuat  produca  ks  much  carbon  dloxida  aa  thay  uaa.    If  thla 
wara  not  tha  eaaa  than  ona  or  the  othar  would  aoon  ba  daplatad  from  tha  air. 
Bow  la  this  balanca  maintained! 

Conaidar  what  happana  to  all  tha  carbon  dloxida, producad.  Where  doaa  all  tha 
oxygan  coma  fromT  Look  at  eome  generalised'  chanlcal  reaction*  rapraaantativa 
of  tha  raaplratlon  and  photoaynkhmtlc 


V 
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6  0,  +        C6Ul206   =7  6  CO,        +6  H20       +  chemical 

(oxygen)  (glucose  or  (carbon  (water)  energy 

sugar)  dioxide) 

this  reaction  is  a  generalisation  of  e  number  of  reactions  resulting  in  the 
breakdown  of  fuel  (glucoss,  sugar,  stsrch  or  glycogsn),  requiring  the  use  of 
oxygen,  end  producing  water,  carbon  dioxide,  and  chemical  energy-.  These 
reactions  make  up  the  process  of  resplrstion.    Nate  that  the  reaction  above  uses 
snd  produces  approximately  equal  quantities  of  oxygen  and  carbon  dioxide, 
respectively.    Where  does  the  water  com  from? 

6  H20  •      6  CO,   ttBtXad  ^  C6H12°6     +      6  °2 

(weter)  (carton  (glucoss)  (oxy^sn) 

dioxide) 

'  .  • 

This  is  a  generelisetion  of  e  sequence  of  chemical  reectlbns  using  wster 
and  cerbon.  dioxide  and  producing  glucoss,  sugars,  or  stsrca  and  oxygen.  These 
chemical  reections  sre  collectively  ceiled  "photosynthesis"  snd  srs  produced 
by  green  plants.    Photoeynthetlc  reectione  ere  an  example  of  anabolic  reactions 
ee  resplrstion  is  sn  exampls  of  cetebolic  reaction.    Note  that  In  the  above 
reection  carbon  dioxide  la  used  in  amounts  relet lve  to  the  oxygen  produced. 
In  neture  there  is  a  balance  between  the  amount  of  oxygen  thet  is  nssdsd  for 
resplrstion  by  plente  end  animal*  and  the  amount  that  is  produced  in 
photosynthssis.    There  is  also  a  belance  between  the  emount  of  carbon  dioxide 
that  is  producsd  by  plsnt  and  animal  resplrstion  snd  the  emount  that  H^Td 
by  plants  in  photosynthssis.  ^j!^*" 

Information  necessary  to  properly  enelyte  yodr  r*«Hilts: 

1.    Carbon  dioxide  Is  very  soluble  In  water  that  contains  potasalum  hydroxide. 
If  carbon  dioxide  is  produced  in  e  container  that  has  some  potassium  hydroxide 
and  water  dn  It,  the  carbon  dioxide  will  be  absorbed  and  the  eir  voaume  will 
not  change  beceuse  of  the  cerbon  dioxide  production. 

.2.    If  eir  containing  carbon  dioxide  is  bubblsd  through  a  solution  of 
bromothymol  blue,  the  solution  will  lose  its  blue  color. 

3.    A  glowing  splintsr  of  wood,  plscsd  in  s  tube  contain! lg  oxygen,  will  glow 
brighter  or ^ burst  into  e  flame. 

■  * 

Activities:  * 

1.  Plsce  ebout  2  cm.  of  e  bromothymol  blue  solution  in  s  test  tubs.  With 
s  strew,  blow  eir  from  the  lungs9  through  ths  tubs.  Doss  the  color  change? 
  Whet  substance  ceussd  the  chenges?  , 
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2.    At  stable  an  experimental  apparatus  at  ahown  below. 


  ±  Teat  tube 


-  400  ml  Beaker 


(iumnfcls  and  beakers,  600  ml 
capacity,  are  found  on  the 
glassware  shelf  near  the 
hood . ) 


-  -           Sodium  bicarbonate 

—  Puonel 

-  —      —  Blodaa  Clump  (as  much  as  funnel  will  hold) 


A.  Pill  tha  tuba  vlth  vatarf  placa  your  fore-finger  ovar  the  opening* 
Invert  and  submerge  It  In  tha  fodiun  blcarbonata  and  placa  It  ovar  tha  funnal 

tuba.     Support  the  test  tube  with  a  ring  stand  and  clamp. 

B.  Placa  t&a  sst-up  andtr  a  fluorscent  light  and  leave  for  aavaral  houra 
or  ovarnlght. 

C.  *  Whan  tha  tuba  hap  baan  f Iliad  to  at  least  3/4  full  of  gas  by 
displacement  of  tlie  water,  remove  tha  tuba  by  again  placing  your  fora-flngar 
ovar  tha  opening. 

0.  Light  a  wood  splinter  and  allow  It  to  burn  for  a  few  eeconde.  Blow 
out  tha  flame  and  Inaart  tha  gloving  splinter  Into  tha  tube.^  Some  water  In 
the  bottom  of  the  tube  will  not  interfere  with  the  teat. 


E.  What  gaa  had  collected  In  the  tube? 
process  that  produced  ltf 


What  waa  the 


3.  Obtain  a  ge ruinated  lima  bean  need  from  tha  supply  tray.  Placa  It  In  an 
apparatus  aa  ahown  below. 


*  —  —  -  lubber  atoppar 


J---::: 


Wire  screen 
Germinated  lima  been 
Vial 

Bromothymol  blue  (2  cm) 

■  a 

A,  Allow  the  preparation  to  stand  overnight  In  the  dark  by  placing  It  in 
the  cabinet  at  the  back  of  the  room. 


B.  What  changes  do  you  set? 

C.  Old  this  plant  carry  on  reeplratlon  only  or  did  It  also  carry  oil 
photosynthesis? 


MOD  187 


313 


-5- 

h«    Obtain  a  germinated  Una  bean  attd  from  tht  aupply  trtyjand  place  It  In 
che  apparatus  as  shown  below.    When  you  place  the  vial  In  the  beaker,  try  to 
keep  equal  the  levels  of  potassium  hydroxide-water  solution  in  the  vial  and 
In  the  beaker.  * 


toy?- 

^--ir_r  4 


Wire  screen  support 
Geminated  lima  bean 


  .Inverted  vial 


50  ml  beaker 


Potassium  hydroxide-water  solution 


A.    Place  the  apparatus  In  a  dark  cabinet  overnight  at  the  back  of  the  room. 

J  B.    What  changes  do  you  observe  In  the  water  level  In  the  beaker?  What 
changes  do  you  observe  In  the  vial? 


C.  What  gas  that  was  produced  was  absorbed  by  the  potassium  hydroxide? 

D.  What  gas  was  used  by  the  seed? 

S.    Repeat  activity  4,  but  this  time  use  distilled  water  in  place  of  the 
potassium  hydroxide-water  solution.    Why  would  you  expect  the  water  level  to 
remain  unchanged? 
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MOD     \H'r  iMtt-    n  f;  1  cm  Ks 

If  possible  pu  sue  this  MOD  with  one  or  two  other  ISMEP  teams. 
OBJECTIVES: 

Given  a  set  of  Pattern  Blocks,  you  will: 

1.  Name  ft he  shapes  and  arrange  blocks  into  subsets  based  on  different 
properties. 

2.  Construct  similar  figures  when  given  pictures  or  other  designs 
from  Pattern  Blocks. 

3.  Constru  t  and  analyze  larger  shapes  made  from  a  given  small  shape. 
A.    Construct  one  shape  out  of  other  shapes. 

5.  Design  and  fill  in  Pattern  Block  puzzles 

6.  Construct  designs  with  Pattern  Blocks  and  mirrors. 

7.  Determine  perimeters  and  areas  of  the  shapes  or  designs  constructed 
with  Pattern  Blocks. 

8.  Construct  figures  with  specified  areas  and  perimeters. 

9.  Construct  and  identify  polygons  with  7,  8,  9,  10,  11,  and  12  sides 
and  convex,  equilateral,  and  equiangular  polygons. 

10.  Construct  at  least  8  Pattern  Block  puzzles  on  heavy  paper. 

11.  Demonstrate  and  explain  mirror  symmetry,  symmetry  of  rotation  and 
symmetry  of  translation  with  Pattern  Block  designs. 

12.  Identify  fractional  parts  of  figures  constructed  from  Pattern 
Blocks. 

13.  Demonstrate  addition  and  subtraction  problems,  multiplication  facts, 
squared  numbers  and  number  sequences,  and  addition  and  subtraction 
of  fractions. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  ESS,  Teacher's  Guide  for  Pattern  Blocks 

*  2.  Bag  of  Pattern  Blocks 

3.  Three  Mirrors 

4.  Heavy  paper 

INSTRUCTIONS: 

Read  Teacher's  Guide  for  Pattern  Blocks  and  do  the  suggested  activities 
that  interest  you.     You  may  wish  to  design  some  of  your  own.     Be  sure 
to  do  some  activities  that  contribute  to  the  outlined  objectives. 

FINAL  ASF ESSMENT: 

1.  Bring  puzz^s  prepared  for  objective  10. 

2.  See  objectives. 
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MOD   189  Electricity  and  Chemistry 


Inferring,  formuletlng  hypotheses 
nillQUISXTBS:    Completion  of  MOD  174,  "Static  Electricity;"  MOD: 


OBJECTIVES : 

1.    Given  the  metcrielo  listed  below  end  having  performed  the  enclosed 

tasks,  you  will  stete  end  test  e  hypothesis  concerning  the 

conductivity  of  certain  chemical  solutions. 
•    2.   Given  lemon  Juice,  wires  and  a  voltmeter,  you  will  mske  end 

demonstrate  an  eiectricel  cell. 
3.    Given  blotter  paper,  an  eeld-bese  indicator  (BTB),  saltwater 

betterlee,  and  wlrer,  you  will  demonstrete  the  effects  of  en 

electrical  current  on  acids  and  bases* 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  Katplus,  Introductory  Physics 

2.  SCIS,  Models t    Electric  end  Magnetic  intexactions,  Teecher  a  Guide 

3.  2  cells  (1.5  v),  connecting  wires .Threes  clips,  BTB  concentrate, 
salt,  paper  towels,  lem  Juice,  #48  light  bulb,  voltmeter,  beeker 

FINAL  ASSESSMENT: 

See  objectives  above. 


Betterles  end  Bulbs  I. 


3  IB 


MOD  ' 


-2- 


PKOCEWRE: 

1.    Prepare  a  2-b  ttery,  switch,  and  bulb  series  circuit  as  diagramed. 


Terminal 


H  |  i 


Battery 


sBulb 

2.   Place  the  two  tennlnele  into  e  small  beaker  of  oommon  salt.    Is  there  any 

evidence  of  a  completed  circuit  through  the  salti  m  Make  an 

inference  regarding  this  observation. 


3.    Place  the  two  terminals  into  a  small  clean  beaker  of  tap  water.    Ie  there 

any  evidence  of  a  completed  circuit  through  the  tap  water?   an 

^    inference  regarding  this  observation. 


4.   Mix  the  salt  and  water  and  wait  for  the  remaining  salt  to  settle  to  the 
bottom  of  the  container.    How,  place  the  terminals  into  the  saltwater  solution 
to  test  for  conductivity  of  salt  water.    Pormulate  a  hypothesis  that  would 
explain  your  observations. 


A.  Collect  additional  data  to  teet  your  hypothesis.  Use  the  back  of  this 
peper  for  more  data  If  necessary. 
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B.   Which  of  your  additional  date  supports  your  hypothesis? 


C.    Which  of  your  additional  data  would  tend  to  weaken  you  hypothesis? 


MOTE:    Save  your  salt  water  for  activity  3  of  this  MOO. 

2.  A,  Prepare  a  solution  of  concentrated  lemon  juice  and  water  in  airy 
proportion  and  record  your  duta  below: 


1  part  lenon  juice  to 


parts  water 


B.  You  will  find  a  sine  and  a  copper  plated  attached  to  tL*  wires  located 
in  the  11CD  tray.    Connect  the  wires  to  a  voltmeter  as  follows: 


I— on  Juice  and  water 


C.    Does  the  voltmeter  show  a  current  flow? 


Try  different 


proportions  of  lemon  juice  and  water  to  see  if  you  can  Increase  the  voltage. 

Proportion:    1  to  ;   voltage  ■  

1  to  ;   voltage  ■  . 

D.    Head  KarpLus,  Introductory  Physics,  pp.  317-320  and  UNESCO,  Sourcebook 
for  Science  Teaching,  p.   168,  "Simple  Electric  Cells,"  Topics"  1-13. 

3.    A.    For  the  following  ectivity  you  will  need  these  materials:    salt  water 
solution*  bromo thymol  blue  <BIB)t  white  paper  towel  or  blotter,  and  the 
following  battery  circuit: 


-i 


'Cell 


1  f 


'Terminal  clips 
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1.    Brompthynol  blue  It  an  add  Indicator  that ,  turns  from  blua  to  yellow 
In  tha  pretence  i,f  an  acid,   ttefar  to  SCIS9  Teacher* a  Guide  for  Models*  p.  109 
and  carry  out  the  experiment  In  tha  aecond  paragraph  of  that  page.    Record  tha 
results  of  thle  experiment  and  any  other  observations  you  nska  below. 


C.  State  a  hypothesis  giving  the  cauae  of  tha  reaction  using  tha  tans 
electron,  metal  clips,  salt  water,  and  hydrogen* 
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MODULE  110  MISSING  FROM  DOCUMENT  PRIOR  TO' ITS  BEING 
SHIPPED  TO  EDRS  FOR  FILMING. 

BEST  COPY  AVAILABLE. 
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MO!   191     Match  and  Measure 

"M.tch  aid  MEaeare"  is  designed  to  help  you  identify  measurement 
problems  appro j rlate  for  elementary  children  and  to  give  you 
additional  experiences  with  metrio  measurement.    In  order  to  "think 
me;ricM  many  predictions  and  measurements  should  be  made  in.th^ 
metric  system. 

OBJECTIVES: 


At  the  end  of  this  MOD  you  will  he  able  to 

1.  Discuss  some  appropriate  mpat;urement  activities  for 
children 

2.  Select  the  appropriate  metric  unit  of  measure  for  various 
objects  9 

3.  Predict  and  measure  linear  dimensions,  mass  and  volume  of  select 
objects 

4.  Predict  change  in  volume  as  a  result  of  doubling  and 
tripling  the  dimensions  of  an  object 

'   5.    Use  a  micrometer  for  making  small  linear  measurements 

6.  State  whether  there  is  a  relationship  between  the  perimeter 
and  area  of  an  objejet 

7.  State  the  relationship  between  the  mass  and  volume  (capacity) 
of  water 

INSTRUCTIONAL  MATERIALS  &  EQUIPMENT": 


9 
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1.  Teacher's  Guide  for  Match  and  Measure 

2.  Duplicated  sheet  from  Duplicator  Master  5 

3.  Task  Cards  1,  10,  26,  30,  38,  46,  48,  49,  and  54 

4.  String,  2  paper  cups,  cardboard,  construction  paper,  playing  card 

5.  30cm  measuring  stick,  balanco,  graduated  cylinder,  quart  jar 

6.  Popcorn,  beans 

7.  Hot  pxate,  sauce  pan  with  cover 

8.  Cup,  measuring  cup>  teaspoon,  tablespoon 

9.  Micro  net er  . 

10.    Scis£>rs,  masking  tape,  centimeter  grid  paper 
INSTRUCTIONS: 

1.  Read  and  discuss  the  activities  suggested  in  the  Teacher's 
Guide  for  Match  and  Measure! 

2.  Obtain  from  the  next  page  a   duplicated  sheet  from  Duplicator 
Master  5  and  complete  the  activities. 

3.  Perform  the  activities  from  Task  Cards  1,  10,  26,  30,  46, 
48,  49,~and  54,  andReep  all  records. 

FINAL  ASSESSMENT: 

1.  Brin?  all  records  to  the  assessment* 

2.  Be  piepared  to  discuss  the  activities  and  your  records. 
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Name  .    Date 


HOW  LONG  IS  THE  STRING? 

Teacher'*  Note-    If  a  metric  ruler  is  used,  have  children  measure  the  parts  of  their  bodies 
using  string  and  then  have  them  measure  the  string  to  determine  body  measurements. 
Discuss  with  the  students  the  need  for  standard  units  when  communicating  w»th  each 
other.  * 

PROBLEM:   Estimate  lengths  using  string,  then  verify  your  measurements 

MATERIALS    String,  meter  st'ck  o-  centimeter  cubes. 

DIRtCriOIMS 


1 


1.  Decide  on  an  appropriate  unit  of  measure. 

2.  Estimate  and  then  measure  each  of  the  following-using  a  piece  of  string,  then  measure  the 
string 

guess  measured 

a.    hand  span  (fingers  spread  wide  apart)  _____   - 

b     reach  (both  arms  outstretched)  „  

c.  height~     — 

d.  width  o*  little  fmger      , 

e.  length  of  your  littSo  finger  — 

f.  distance  around  your  ftst   

g.  distance  around  your  waist  *  

h.  distance  around  your  wrist      ■' 

i.  distance  around  your  thumb  _____   — 

j.     lei. 'th     your  math  book  ____  ____ — — 

k.    distance  around  the  handle  of  a  baseball  bat     

t 

L     distance  around  a  door  knob     

m.   circumference  of  neck  _____   - 

n,    length  from  elbow  to  end  of  longest  finger     — , 

j,    length  from  nose  to  end  of  outstretched  _____   - 

fx  TENSIONS   M*vi?  students  compare  nitwit i**  in  rMptmtnt  ratio,  e  g  ,  circumference  of  want 


%x  TENSIONS:  H«ivf;  %turi 
to  cwcuVf t  timet  of  neck{ 
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mi>  192    Kinetic -lolecuia    Theory  of  "latter 
Inferring 


ISMEP 


OBJECTIVES : 

1.  Given  the  demonstrations  described  on  the  following  pages,  and 
given  the  kinetic-molecular  theory  as  a  basic  premise,  you  will 
infer  what  is  happening  in  molecular  terms  in  each  demonstration. 

2.  You  will  give  3  examples  of  practical  application  of  the  kinetic- 
molecular  theory  in  your  everyday  world  -  excluding  the  ones  In 
this  'tOD. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS : 

J-    jJdESCO.  Source  Book  for  Science  Teaching 

2.  Units  on  kinetic-moleculsr  theory  from  any  college  physical 
science  textbook 

3.  Knipp  tube,  candles,  hot  plate,  n  dicine  droppers,  ink,  ammonia, 
long  metal  wire,  weight,  glass  tube,  hydrochloric  acid,  plate, 
balloor,  bottles 

A.    Ealing  Film-Loop,  Slot  ion  of  a  Jlolecule.  filmloop  #30-3351 

5.  Ealing  Film-Loop,  Random  Walk  and  Erownian  Motion,  filmloop  #30-2926/1 

6.  t  b  nm.  filmloop  projector 
FIPAL  ASSrsSiiEKT: 


1.  Present  to  the  instructor  your  written  inferences  on  the  following 
pages  and  be  prepared  to  discuss  and  defend  then. 

2.  Report  your  list  of  applications  to  the  instructor. 

1.     Read  gas  laws  and  woi  k  inserted  problems  on  p.  15?  of  Astronomy  by 
B.ish,  1977      Harper  6.  Row.  ~~  J 
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PROCEDURE:  ; 

The  :>asic  assumft  ions  of  the  general  kinetic-molecular  theory  are: 

1)  All  material  things  are  made  up  of  tiny    particles  called  molecules. 

2)  Molecules  are  in  constant  motion. 

3)  The  df-tances  of  separation  of  the  molecules  are  great,  relative  to  the 
size  of  the.  molecule. 

A)    When  colliding  with  each  other  and/or  the  walls  of  the  container*  the 
molecules  rebouhij  with  perfect  elasticity.  * 
Note:    As  kinetic  energy  (the  energy  of  motion)  »  i$mv; ,  then  the 
velocity  of  the  molecules  will  be  proportional  to  the  kinetic 
energy  (Ekl  they  contain.    Tliis  will  in  turn  be  proportional  to 
the  temperature  of  the  gas. 

In  any  college^fchysical  science  text,  study  the  sections  dealing  with  kinetie- 
molecular  thlory  and  its  implications  in  heat  phenomena,  particularly  in  changes 
of  state.    Then  perfocm  the  following  demonstrations  and  formulate  your  inferences. 

1.     Pi.ace  a  hot      »  of  ammonium  hydroxide  at  one  end  of  the' laboratory  and  place 
t   *ee  people  at  intervals  in  a  line  across  the  room  iso  that  the  first  person  is 
•   out  6  ft.  from  the  bottle.    Take  the  stopper- out  of  the  bottle  and  as4c  the  persons 
to  tell  you  when  they  begin  to  smell  ammonia.    What  inferences  can  you  make  about 
why  the  persons  smelled  the  ammonia,  and  how  it  reached  them?    Refer  to  tfye  assurap- 
tion  in  the  Kinetic  theory.    Oil  of  cloves  will  be  as  effective  irf  such  a  demonstra- 
tion for  rhi Idren. 


2.     Put  a  level  teaspoon  of  b<it  into  a  glass  full  of  tap  water  and  stir.  After 
stirring,  can  you  see  nny  salt?    Use -a  clean  medicine  dropper  and  get  samples  of 
water  from  the  surface  and  at  different  levels,  in  the  glass.     Taste  these  samples, 
Infer  from  the  kinetic-molecuia,  ^heory  what  has-  happened  to  the  salt. 


J7 

3.     Take  a  long,      ear  glass  tube,  and  in  one  end  place  a  wad  of  cotton  soaked  in 
hydrochloric  acid.     In  the  other  em!  place  a  similar  wad  soaked  in  ammonium 
hydroxide.    Observe  carefully,  describe  what  you  see,  and  infer  what  has  happened 
to  tie  molecules  in  the  system.     You  may  wish  to  consult  some  of  your  friends  in 
chemistry. 
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4.    A.    View  the  following  filnloojis:    Motion  of  a  Molecule,  Random  Tialk  and 


Broirilan  I  lot  ion 


1.    Observe  what  you  tee  when  lyou  clap  together  two  "chalky"  blackboard 
erasers  in  a  bea;a  of  sunlight.    IJHat  can  you  infer  from^the  kinetic-molecular 
thepry  to  explain  what  you  see? 


tab 14 1 


C.    Caution:    Handle  the  tub a  carefully  and  do  not  let  it  roll  off  the 
Meat  the  Knipp  tube  with  the  mercury  and  blue  class  pieces  in  it 
a  candle.    Rotate  it  slowly  so  that  the  tube  is  heated  evenly.    After  a 
time,  yoft  will  observe  unusual  activity  inside  the  tube.  Describe 
see,  and  infer  f rot*  tjne  k5.net  lt~molecular  theory  what  is  happening. 


ove 
aho 

what  you 


5.    A.    Obtain  a  cupful  of  (brushed  Jce  and  observe  it  as  it  melts.  What 
can  you  infer  about  the  benavior  of  the  molecules  in  this  physical  change? 


B.    Using  a  hot  plate,  boil  the  water  resulting  from  melting  the  ice. 
V/hat  you  see  is  a  change  of  state*    From  the  kinetic-molecular  theory  infer 
en  explanation  of  whay  you  observe.  [ 


C.    As  the  water  boils  in  the  demonstration  above  hold  a  plate  in  the 
'cloud    that  is  formed  and  observe  what  happens.    Use  the  kinetic-molecular 
theory  to  explain  what  y6u  see. 


I 
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From  the  clamps  attached  to  two  vertical  poles  in  the  table/ fasten  a  length 
of  wire.    Hang  a  weight  from  the  middle  of  the  wire.    Measure  the  distance 
.  the  weight  and  the  table.    Then  heat  the  wire  with  some  candles  and 

observe  what  happens  to  the  distance  fron  the  weight  to  the  table,  t»hy  does 
this  happen?    Use  the  kinetic-moleculer  theory  to  find  an  answer.  ' 


/        B/  FiftCthe  snail  bottle  with  slightly  colored  water  ao  that  when  you 
/  Put  011  the  stopper  with  the  tubing  in  it,  the  water  will  rise  about  one  inch 
J   into  the  tubing.    Put  the  filled  bottle  into' a  saucepan  with  a  little  water 
fl  ^  ie  *nd  heat  11  gradually  on  a  hot  plate.    Observe  the  water  in  the  tube, 
1.  ;£l  "^"V**  applying  the  kinetic-molecular  theory,  explain  what  you  see.    Take  the 
bottle  out  of  the  saucepan,  let  it  cool  for  a  few  minutes,  and  then  set  it  in 
I    a  pan  of  ice.    Observe  the  results  and  explain  what  happens  in  terms  of  the 
I     kinetic-molecular  theory. 


C.    Put  the  open  end  of  a  toy  balloon  tightly  over  the  *:op  of  an  enrnty 
pop  bottle  and  place  the  bottle  in  a  saucepan  partially  filled  with  water. 
Heat  it  gr^ually  on  a  hot  plate  and  observe  what  happens/   Take  the  bottle 
out  of  the  saucepan,  let  if.  cool  for  a  few  minutes,  and  yhen  place  it  in  a 
pan  of  ice.    t*hat  happens?    Infer  from  kinetic-molecular  theory  an  explanation 
for  what  you  see. 
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K    Fi.l  2  pa  it  jars  with  equal  amounts  of  hot  ' an  1  co.\  \  water.    With  a 
medicine  dropper,  ohe  person  drops  ink  into -the  Jar  of  hot  water  while  the 
othe:  per8«ni  simi  ltaneousiy  drops  an  equal  amount  of  ink  iuto  the  Jar  of 
cold  water*    Inf.  r  from  the  kinetic-molecular  theory  ah  explanation  of  what 
you  tee,  ^ 


E,  Give  3  examples  of  practical  application  of  the  kinetic-molecular 
theory  in  your  everyday  world  -  excluding  the  ones  in  this  MOD, 


Discuss  Brownian  Motion,  a^d  the  motion  of  the  NH^OH  in  the  air,  from  a  standpoint 
of  the  basic  assumption  of  the  kinetic  theory. 
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ISMEP 

MOt)   ?gj   The  (   c-mistry  of  Nuclei r  Acids-      Self  Instruct  :*»nal  Module 
OBJECT f\ BS: 


OBJECTIVES: 

y  / 

V  #.     Namt   the  bases  found  iu 


DNA  and  RNA. 

2.  Des<   ibe  a  nucleoside  and  a  nucleotide  in  outline  form,  and  draw 
a  nit-leotide  showing  the  structure  of  sugar  and  phosphate. 

3.  Draw  a  dinucleotide. 

'     4.     Recognize  proper  and  improper  base-pair  arrangements. 

5.  Name  the  forces  that  hold  polynucleotides  together  in  double- 
helical  structures. 

6.  Name  and  describe  the  difference  between  DNA  and  RNA  molecules. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS  */ 
.1.     This  MOD 

2.  General  Biology  preferences  on  The  Chemistry  of  Nuceic  Acid 

3.  Biology  Media  instructional  materials 

4.  Singer  Caramate 

FINAL,  ASSESSMENT:  - 

•  1.     See  objectives  above.  .  s 

2.     Be  prepared  to  discus*  the  questions  listed'  at  the  end  of  this  MOD. 
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INTRODUC  TION: 


Nurleif  ac  ids  epresent  one  of  i)H>  major  classes  ol  bio  ^ical  macronolecuies . . . 
Ukjsc  Riant  mo  ecules  t  lat  Ki«e  f    m    and  function  to  a;  !   living  cells. 

Thjre  are  twc?    orms  of  nucleic  acids--DNA  (deoxyribonucleic  acid)  and  RNA 
^  (ribonucleic  a, id).     Each  form  has  a  unique  role  in  cellular  processes.  DNA 
serves  as  a  repository  of  genetic  information;  RNA  forms  the  machinery  for 
prpducing  enzymes  and  other  proteins. 

In  order  to  tell  how  DNA  and  RNA  are  able  to  accomplish  their  complex  tasks,  we 
must  first  describe  in  detail  the  structures  of  these  molecules.     The  purpose 
of  this  module  is  to  describe  the  the  leal  subunits  of  DNA  and  RNA  and  how  these 
Subunits  are  connected  together  to  form  polymeric  macromolecules .  >dther  modules 
(see  our  list  of  titles)  describe  the  functions  of.  these  nucleic  and  how 

their  functions  depend  on^their  specific  structures. 

OUTLINE 

* .  DNA 

A.  Subunits 

1.  Base 
^                2 .     Suga r 

3.     Phosphoric  acid 

B.  Polymers 
r.     Detail  of  sugar 

2.  Detail  of  phosphoric  acid 

3.  Condensation 
A.     Formation  of  dinucleotide 
5.     Polynucleotide  chain* 

C.  The  double  helix 

1.  Detail  of  purines  and  pyrimidines 

2.  Hydrogen  bonding:    base  pairs 

3.  Complimentary  polynucleotide  chains 

I I .  RNA 

A.  Subunits 

B.  Polynucleotide  chains 
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THE  dSMIETBY  OF 
NUCtSIC  ACID. 


(1)  Nuc-eic  acids  are  some  of  the  most  unusual  an.;  the  most 
important  compounds  in  the  cell.    Their  central  roles  in  genetics  ■ 
make  their  faction  significant  to  all  fields  of  biology,  and  one 
can  best  understand  their  functions  when  one  is  acquainted  with 
their  chemical  structures. 

(2)  There  are  two  types, of  nucleic  acids:,  deoxyribonucleic 
acid  and  ribonucleic  acid  (RNA) . 

(3)  DMA  is  found  primarily  in  the  nucleus^' eucaryotic 
censand  the  nuclear  region  of  procaryotic  cells.    It  forms  the 
substance  of  genes  -  that  is,  it  carries  genetic  information  in 
its  structure.    Some  DNA  molecules  are  incredibly  long  and  stringy. 
The  longest  one  that  has  been  isolated  : one  piece  is  about  1.2 
mm  long  and  has  a  molecular  weight  of  almost  3  billion  a^ltons. 

It  is  almost  certain  that  other  DNA  molecules  are  even  larger. 

(u)    In  cells,  RNA  is  found  primarily  in  the  cytoplasm.  There 
are  several  "types  of  RNA,  all  of  which  play  some  part  in  the  trans- 
lation-of  genes,  in  the  prod;1Ction  of  proteins.    In  addition,  in 
some  viruses  RKA  forms  the  genes.    RNA  molecules  vary  in  size  from 
small  ones  of  30,000  daltons  to  larger  ones  of  several  million 
daltons. 

Fortunately,  even  though  DNA  and  RNA  are  large,  their^spic- 
tureo  an;  fairly  easy  to  describe.    This  is  because  they  are  poly- 
mers   (?)   -,  each  built  of  four  types  of  simpler  subunits. ^  I'&s^ 
goin*  to  begin  by  describing  the  structure  of  DKA.    This  is  the 
-structure  that  was  fil»*  suggested  by  James  Watson  ana  Francis 
Crick    (oj    in  their  Nobel  prize-winning  bombshell  of  195--53- 
Later  I  will  show  how  similar  principles  and  materials  can  explain 
the  structure  of  RNA. 

There  are  three  steps  to  our  description  of  DKA:    first,  a 
sketch  of  the  individual  subunits;    second,  a  picture  of  how  tne 
subunits  hook  tc -ether  to  make  long  chains;    and  third,  an  expla- 
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;atio:  of  haw'tvo  chains  can  combine  to  form  a  complete  DNA  mole- 
:ule,  a  douole  he  .ix. 

The  subunits  of  DNA^are  called  nyicliOtides.    (7)    Each  nucleo- 
Kiie  has  three  parts:    (&)    first,  a  base       a  complex  organic 
iir-g  structure.    The  bases  of  nucleic  acids  really  are  basic  in 
solution  (that  is  hew  they  got  their  name),  but  that  is  not  why 
they  are  import  an:.    We  will  discuss  why  they  are  important  later, 
f)    There  are  four  types  of  bases,  called  A,  T,  G,  and  C.    We  will 
see  tliem  in  more  detail  later,  also. 

The  second  part  of  tfce  nucleotide  is  the 'sugar.     (left     In  DNA, 
the  sugar  is  of  a  particular  type    called  deoxyribose.  The 
decxyribose  sugar  is  connected  to  the  base. 

To  complete  the  nucleotide,  we  add  the  third  part,     (L2)  a 
phosphoric  acid  or  phosphate  residue,  to  the  nucleotide.    Tne  phos- 
phoric acid  connects  by * condensation  to  the  sugar. 

From  this  first  outline  glimpse  of  DNA  subunits  we  can  see 
how  2ll\9  deoxyribonucleic  acid  ,  gets  its  name:    "deoxyribo-"  from 
its  type  of  sugar;  and  "ac-'d11  from  the  phosphoric  acid  hooked  to 
the  sugar.    The  ''nucleic"  comes  from  zhe  first  discovery  of  DNA  as 
a  part  of  the  nucleus  of  human  pus  cells. 

The  next  step  in  the  description  of  DNA  is  to  shew  how  two  * 
nucleosides  can  be  hooked  together.    To  do  this,  we  must  look  at 
the  sugar  and  phosphate  structures  in  detail. 


The  su^ar,  deoxyribose,  has  five  carbon  a1»ms.    We  will 
nosAePthen  lf,  2*,  3',  Uf  ,  an^S'  irom  right  to  left  so  we  can 
xa2>  about  the;?  separately.     @     Carbons  1*  and  U'lare  hooked 
together  v*th  an  oxygen  to  fom  a  ring.    ^)    CarboAl'  is  also- 
attached  to  tne  base  and  to  a  hyure^en.    Carbon  2f  isWttached  to 
'~vo  hydrogens.    Carb6n  3f  is  attached  to  one  hydrogen  fl^id  a  hydro- 
xyl  (OH)  group.    Carbon  U'  is  attached  to  a  hydrogen;    and  Carbon 
5f  is  attached  to  .two  hydrogens  and  another  hydroxyl  group. 

A  phosphoric  acid  molecule,     (l6)    which  looks  like  this  (one 
phosphorus,  four  oxygen,  three  hydrogen  atoms),  c$n  be  covalertly 
bound  to  thf  sugar  by  a  condensation  reaction     Q/£)    with  either 
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one  cf  th"  ly'ro:  A  groups  —  the  one,  on  the  3'  carbtn,  o"  the 
one  cn  the.  5'  ca- oon.    You  can  think  of  the  condensation  i  action 
formally  a.«;  some <  ning  like  this*:    a  bond  forms  between  the  "O"  of 
tho  hydroxyl  and  the  phosphate  "P".,  At  the  sane  time,  the  hydro- 
xyl  "HM  and  an  "  JH"  from  tne  phosphoric  acid  are  released  as  a 
molecule  of  water.    As  I  said,  this  can  occur  at  the  3!  carbon, 
03)     in  which  case  the  result  is  a  3' -nucleotide,  or  at  the  51 
carbon,     (lq)     in  which  case  we  have  a  5'  nucleotide. 


Now,  the  phosphoric  acid  molecule  has  more  than  one  -OH  part 
that  can  participate  in  a. condensation.    In  fact,  ther  are  three, 
and  two  of  the  three  can  condense  with  sugars  at  the  same  tine. 
(£o)     For  instance,  her  is.  a  diagram  of  two  ,5'  nucleotides. 
Arranged  in  this  way,  you  can  see  how  the  phosphate  residue  on^ 
the  5!  carbon  of  the  right-hand  nucleotide  can  also  condense  with 
the  3!  carbon  hydroxyl  of  the  left-hand  nucleotide.     (2l)  In  this 
way,  tre  phosphate  forms  a  bridge  between  nucleotides.    The  re- 
siting  molecule  is  a  dinucleotide. 

Next,  notice  that  we  can  add  another  5!  nucleotide  to 
the  top  of  the  dinucleotide  to  form  a  trinucleotide  and  otr.ers 
(£3)     to  cither  the  top  or  bottom  end  to  form  a  longer  chain  cf 
nucleotides.    This  is  a  polynucleotide  chain  or  a  nucleic  acid. 
In  all  natural  nucleic  acids,  nucleotides  are  joined  3'  to  5'  ^ 
every  bridge,  just  like  the  one  in  this  diagram. 

@)     For  polynucleotide  chains  in-  solution  in  cells  (at  pK  7 
or  sojf  chc  phosphoric  acid  groups  lose  their  regaining  r>.  This 
gives  the  cha^n  a  negative  charge  a^nng  its  length.    formally  the 
chain  then  attracts  salt  cations     (|J)     (like  Ka+,  K+,  or  I-'g-H-) 
to  partially  neutralize  the  i.egativ£  charge.    It  makes  the  mole- 
cule more  stable. 

When  we  draw  long  polynucleotide  chains,  veusually  use  short- 
hand forms.  Her  are  two  you  might  see.  <|§)  @  Tnese  represent 
the  same  structure  r.z  before. 

The  polynucleotide  chain  that  we  have  just  described  is  the 
basic  basic  DKA  structure,  but  it  is  not  the  whole  DTA  molecule. 
(28)    A  complete  DNA  molecule  contains  two  polynucleotide  chains 
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boun:  tc£0"her  a:  :  twisted  around  each  other  lu  what  is  called  a 
dcucle  helix. 

'  In  orier  to  see  why  and  how  the  two  polynucleotide  chains 
stick  together,  v3  must  look  at  the  structures  of  the  various 
bases  in  detail, 

'There  are  two  general  types  of  bUsesf.  large,  double- 

ringed  ones  called  -pur.ines,  and  small,  single-ringed?  ones  called 
rvrjgj dines.    This  first  slide  shows  the  basic  .skeletons  of  these 
xvc  types  of  corpounds.    The  next  slide,  *  HO)     in  which  we  re- 
rove  the  c's  from  the  comers,  shows  the  abbreviations  whiph  make 
the^  a  little  easier  to  write  and  recognize."  "Purines  are  attached 
to  decxyribose  at  the  nitrogen  on  the  lower  right  —  pyrimidines 
at  the  lover  nitrogen.  In  DKA,  there  are  two  different 

purines:    adenine  (called  A  for  short)  and  guanine  (called  G); 
and  there  are  also  two  different  pyrimidines:  -  thymine  (callt-u  T) 
and  cytokine  (called  C). 

V 

Purines  and  pyrimidines  have  a  trick.  *  -Each  purine  binds  to 
one  particular  pv^imidine,  and  each  pyrlmidine  binds  to  one  spe- 
cific purine. >    (32)    More  specifically,  A  Tjinds  to  T,  and  G  binds 
to  C.    The  binding  is  through  hydrogen  bonds.    To  see  hovthis 
works,  let's  look  at  the  structures  of  A  .and  T  first.     m)  Here 
is  A.      Kotice  that  the  sugar  deoxyribose  is  attached  to^che  back 
cf  the  iioiecule  at  a  nitrogen,  and  that  there  is  an  amjjio  group 
attached  to  the  "front  errfT,  the  six-membered  ring,     (gy  Now 
here  is  T.  '  Tne  sugar  is>again  attached  to*  aJ  nitrogen,  and  there 
are  oxygens  double-bonded  at  two  places  on  the  ring.  (There  is  ^ 
also  a  methyl  group  over  on  \ie  ric;ht  side .but  this  does  not 
have  any  functional  significance  here.)     Q?)  t^When  we  show  the 
A  and  T  together  and  placed  correctly  relative*'  to  each  *bther,  it 
is  clear  that  two  hydrogen  bonds  can  fonn  between  them:    one.  be- 
"  tween  the  amino  groups  of  the  A  and  the  *=0  of  the  T9  and  one  be- 
tween the  ring  nitrogens  of  the  A  and  T. 

We  can  see  the  same  principle  again  by  looking  at  G  and  C. 

Bete  is  G.    It  differs  from  A  by  having  F  an  oxygen  double - 
bonded  at  the  top  of  the  six-membered  rijig  and  by  having  an  amino 
group  also  attached  to  the  same  ring.     G7)  '  Here.,  next,  is  C. 
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It  differs  from  T  ")y  having  an  amino  group  at  the  top  (and  4o 
methyl  group  at  th ;  back).    VThen  we  jatf  G  and  C  together  coirectly, 
we  aga_.n  can  form  hydrogen  bonds.     Qb)    This  time  there  are  three: 
one  ax  the  top  bet  /een  the  =0  of  the  G  and  the  amino  group  of  the  C; 
one  in  the  middle  oetween  the  ring  nitrogens;    and  one  at  the  bottom 
-between  the  amino  group  of  the  G  and  the  oxygen  of  tie  C. 

(3^)    The  next  slide  compares  the  A-T  and  G=C  base  pairs.  Ko 
other  pairs  of  these  ba£es  will  bind  tightly  together  to  form  the 
same  size  and  shape  structure.  ,A  and  G,  for  instance,  if  combined, 
would  be  too  large.    T  and  C,  if  combined,  would  be  too  small. 
G  and  T  could  only  form  one  H-bond,  and  A  and  C  could  not  form  any 
at  all.    Thus  the  A-T  and  the  G-C  pairs  are  the  only  pairs  normally 
found  between  these  four  bases.    A  is  said  to  be  complementary  to  T; 
G  is  complimentary  to  C. 

•   @)    Since  two  complimentary  bases  can  bind  together  with  hydro 
gen  bonds,  it  is  not  surprising' that  two  polynucleotide  chains  also 
bir  „  together,  provided  that  enougji^of  their  bases  are  complimentary 
Thut,  in  fact,  is  what  happens,     (^j)     A  natural  DIJA  molecule  has 
two  polynucleotide  chains  that  run  along  side  .by  side  and  are  hooked 
together  by  hydrogen  bonds  at  each  base  position.    In  every  part  of 
the  molecule  the  opposite  bases  are  complimentary.    Each  base"  pair, 
each  set  of  hydrogen  bonds,  helps  hold  the  two  chains  together. 

Two  complimentary  polynucleotide  chains  held  together  by  com- 
plimentary base  pairing  form  a  double  helix,     Urg)    This  is  because 
in  solution  the  two  chaijxs  wind  around  each  other  according  to"  bond 
distances  and  angles,     vjfy     as  shown  by  the  fact  that  this  molecu- 
lar model  —  made  with  proper  bond  angles  and  lengths  —  will  form 
the  helix*    It  also  pulls  the  oases  close  together,  stacking  them 
"like  8 ^>feack  of  plates  or  re^rds  and  forcing  water  out  from  the  in- 
side of.  the  DNA  molecule.  You  see,  the  bases  are  somewhat 
hydrophobic  S9  that  they  favor  ana  conformation  of  the  molecule  that 
minimizes  the  amount  of  water  that  gets  close  to  them.     The  double- 
helical  conformation  does  just  that.    When  DNA  is  twisted  this  way, 
(j*^)    $here  are  ten  base  pairs  for  every  turn  of  the  heli*. 

For  the  final  section  of  this  module,  I  will  describe  the  struc 
tore  of  RKA.    This  will  be  easy  because  it  is  "quite  similar  to  DIIA. 
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rne  su^units  of  HtIA    Mt§)    are  also  nucleotides.    The,,  differ^ 
from  -.hose  of  LIIA   however,  because  they  have  as  sugar  a  ribose    (^j)  % 
inster-d  of  a  deox^-rihqse.    Ribose-ribohucleic  acid  ...  it  i:;  not 
hard  %o  remember.  Ribose  looks  just  like  deoxyribose,  except 

it  has  an  -OK  grcxp  on  the  2'  carbon.    This  makes  it  a  little  less 
stable  chemically  but  otheivise^does  not  affect  its  structure  or  func- 
tion.   One  other  difference.     @     £NA  does  not  contain  thymine  (T), 
but  as  a  replacement  has  a  similar  pyrimidine ,  uracil  (called  ,fU"). 
Uracil  differs  from  thymine  only  by  its  lack  of  the  methyl  group. 
Otherwise,  it  is  the  same.    In  particular,  it  hydrogen-bonds  to  A 
when  forming  base  pairs.  vr 

@)    Like  deoxyribonucleotides,  ribonucleotides  are  joined  by 
phosphate  bridges  between  the  3*  carbon  of  one  sugar  and  the  5'  * 
carbon  of  another.    This  forms  a  polynucleotide  chain.    Most  RNA 
molecules  have  just  a  single  chain  rather  than  two  like  DNA.  This 
does  net  mean  that  RTIA  cannot  participate  in  double  helices.    Za  the 
contrary,  an  RKA  chain. can  form  a  double  helix  with  another  RNA  chain 
or  Aith  a  single  D1IA  chain,  provided  that  the  other  chain  has  com- 
p\  mentary  bases.    More  suiprising  perhaps,  -  mahy  RNA  chains 

are  knqvm  to  fotm  double  helices  within  themselves.    Two  lengths  of 
a  chain,  vben  placed  side  by  side  as  the  chain  folds,  have  comple- 
mentary bases  and  thus  stick  together.    ^53    Some  of  the  examples 
of  this  intra- chain  helix  formation  can  get  ve:rjr  fancy.    It _ may  be 
-that  this  sort  of  interior  twisting  is  KNA's  way  of  developing  a 
three -dimensional  -secondary  and  tertiary  structure  and  thus  acting  a 
little  like  a  protein. 

The  functionally  Jbmportant  prop&etiefr-of  DNA  mole  exiles  and  many 
HKA  molecules  ao  not  depend  on  fancy  testing,  however.    They  are 
mot  supposed  to  act  like  proteins.    Instead,  it  is  the  liniear  order 
of  the  bases  in  the  polynucleotide  chain  that  makes  these  nucleic 
acids  unique  and  useful.    This  order  of  bases  represents  a  language 
or  " genetic  code"  that  describes  the  properties  of  each  cell. 
Learning  to  tead  this  language  has  been  one  of  the  spectacular- 
achievements  of  molecular  biology.    Learning  to  write  new  messages 
in  it  is  a  powerful  arid  frightening  capability  of  the  near  future. 
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A  (adenine)  —  one  of  two  purine  bases  found  In  DKA  land  SKA.  In 
nucleic  acids,  is  complementary  to  either  T  or  U.    Also  a  com- 
ponent of  coensymes  like  ATP,  NADH. 

base  ~  the  nitrogenous  component  of  nucleotides  and  polynucleotide 
chains.   A  purine  or  pyrimidine;    A,  G,  C,  T,  or  U. 

complementary  —  in^general,  acting  together  to  complete  thp  whole. 
In  Jiucleic  acids,  one  base  is  considered 'complementary  to 
another  is  the  two  form  a  stable  base  pair,  connected  by  hydro 
gen  bonds.  % 

condensation  —  a  chemical  reaction  in  which  two  substrates  are 
joined  with  the  concurrent  formation  of  one  water  molecule. 
The  opposite  of  a  hydrolysis  reaction.    Two  nucleotides  may  be 
5  joined  by  a  condensation  reaction  to  form  a  dinucleotide. 

DiuA  (deoxyribonucleic  acid)  —  a  polymer  of  dfcoayribosei-containia 
nucleotides.    Generally  found  as  a  double-chained  structure 
"double  helix."    The  genetic  material  of  all  oeTLs. 

deoxyribose  —  the  sugar  component  of  the  nucleotides  of  DKA. 
Connects  by  condensation  to  two  phosphate  residuei  in  DIIA. 
Connects  to  the  bases  of  DKA.    -x 

diriucleotide  —  two  nucleotides  connected  by  a  phosphate  bridge. 

double  helix  —  the  structure  6f  most  DKA  molecules.    Consists  of 
two  cc^nplimentary  polynucleotide  chains,  bound  together  by 
hydrogen  bonds  and  would  together  in  a  right-handed  helical 
shape.  1 

G'  (guanine )  —  one  of  two  purine  bases  found  in  DKA  and  HTIA.  Com- 
plementary to  C. 

nucleic  acid  —  a  polynucleotide  chain.    A  long  sequence  of  nucleo- 
tides connected  by  phosphate  bridges.    Includes  DKA  and  HXA. 
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nucleotide  —  *  the  sibunit  or  a  nucleic  acid.    Consists  of  ox,-:  purine 
or  pyrirddine  base,  one  sugar,  and -one  phosphate,  all  connected 
by  curaient  bonds. ,  The  base  connects  to  the  1'  C  of  the  sugar; 
the  phosphate  may  connect  eithe^  to  the  3f  or  to  the  5'  C  of 
the  sugar. 

polynucleotide  chaifi  —  a  nucleic  acid.    A  long  sequence  of  nucleo- 
tides connected  by  phosphate  bridges.    Includes  DNA  and  HNA. 
Might  ^include  artificial  confounds  not  found  in  cells  and  with 
no  biological  function. 

purine  --  one  of  the 'classes  of  nitrogenous  bases  found  in  DNA  and 
EIA.    A  double-ringed  structure  containing  C,  N,  H,  and  some- 
tines  0  atoms.'   Includes  A  and  G,  as  veil  as  some  compounds, 
like  cafffeing,  not  found  in  nucleic  acids. 

pytinidine  —  one  of  the  classes  of  nitrogenous  bases  found  in  DNA 
and  EKA.    A  single-ringed  structure  containing ^.C,  N,  H,  and 
some times  0  atoms. 

i  1 

ENA  (ribonucleic  acid)  —  a  polymer  of  ribose-containinff  nucleo- 
tides.   The  principal  nucleic  acid  found  in  ihe  cytoplasm  of. 
cells.    There  are  several  types  of  HIA  molecules,  distinguished, 
by  their  different  sizes,  shapes,  and  functions. 

ribose  ~  the  sugar  component  of  the  nucleotides  of  HNA.  Connects 
by  condensation  to  the  phosphate  residues  in  UNA.    Connects  to 
the  bases  of  SUA. 

< 

7  (thymine)  ~  one. of  three  pyrimidine  bases.    Found  in  DM,  but  not 
BRA.    Complementary  to  A. 

U  (uracil)  —  one  of  three  pyriiuidine  bases.    Found  in  KNA,  but  not 
DNA.    Complementary  to  A. 
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MOD  194    Geo  locks 


G«io  Blo:k  activities  may  bt  designed  to  provide  experiences  with 
awareness  geouetry,  symmetry,  and  linear,  area,  and  volume  relation- 
ships. 

OBJECTIVES: 

1.  You  will  be  able  to  answer  the  questions  in  the  Teacher's 
Guide  and  verify  your  answers. 

2.  You  will  be  able  to  write  challenging  questions  for  a  set 
of  geo  blocks. 

3.  You  will  be  able  to  solve  problems  posed  by  the  "Problem 
Cards." 

4.  You  will  be  able  to  design  problem  cards  for  geo  blocks. 
INSTRUCTIONAL  MATERIALS  AND  REFERENCES  / 

1.  ESS  unit,  Geoblocks,  Teacher's  Gyide  and  Problem  Cards 

2.  8Y1  x  11"  sheets  of  he&vy  paper  (yellow  and  blue) 

3.  Toy  car  vifh  rolling  wheels  -  - 

4.  Boxes, ,2  or  3 

STRUCT IONS: 

-     '  /' 

From  the  Teacher's  Guide  for  Gep^Blocks  read  "Insights" 
near  the  front  and  pages  1-^14  for  ideas  ,for  teaching  with 
geo  blocks.  "J 

2.  Answer  the  questions  under  "Flat  Shapes//;"  "Slopes,"  "Grouping," 
"Outsides,"  "Amount  of  Wood/1  and  "Outskde/Inside"  and  verify 
ydyr  answers*  * 

3.  Write  at  least  two  additional  questions  appropriate  for 
each  of  the  groups  in  item  2. 

4.  Alternate  showing  your  partner  appropriate  cards  and  work 
through  the  "Problem  Cards  for  Geo  Blocks." 

5.  Construct  at  least  2^  yellow  and  2  blue  problem  cards  and  laminate. 

FINAL  ASSESSMENT: 


1.  The  instructor  will  randomly  select  question^  from  the 
£uide  for  you  to  answer  and  verify. 

2.  You  will  be  asked  to  solve  problems  from  problem  cards. 

3.  Bring  your  questions  and  problem  cards  to  the  evaluation 
session. 
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NOD  195  Undfor.w  X 

Obeervlag,  inferring 

OBJECTIVES! 

1.  After  studying  Herd's  Eleaentcry  Laadf  on  Models  #1  through  #4  ami 
consisting  this  NOD,  you  will  b«  able  to  state  pleuelble  inferences 

as  to  how  tho  forest  Ions  occurred,  loch  inference  should  bo  supported 
by  som  visible  cvldcacc  found  oa  tho  Lsadfcre  aodsls. 

2.  Af tor  studying  th*  Lendfora  aodols »  you  will  bo  able  to  consists 
soloetod  photographic  slides  of  classic  lsadforaa  to  specific  starred 
teres  In  the  lab  descriptions. 

3.  after  studying  the  Uadfora  aodsls,  you  will  be  eble  to  sooner  the 
selected  questions  la  this  NOD,  pp.  2-5,  sad  to  support  thoss 

with  evidence  found  on  the  aodele. 


1H8T1UCTI0NAL  BJ7CBXNCE8  *  MATE1IALS: 

1.  Set  of  Herd's  Blceeatary  Lendfora  Models  1-4 

2.  Gloeeery  of  terns  for  each  Lendfora  nodol  with  features  starred  by 
the  instructor 

3.  Description  of  each  Lendfora  nodel 

4.  Included  est  of  questions 

5.  Slide  viewer  a    •  ' 

6.  Ward's  geology  elides  selected  by  the  instructor— Land  Forms  I 

7.  8  aa.  filaloop  projector 

8.  Filmloop,  Part  One — Canyon  Land 

9.  File  Assoc iatec,  Offset  Alone  Faults,  filaloop  lES/18 
10.  Fila  Associates,  Folded  Mountains,  filaloop  #jES/6 

FINAL  ASSESSMENT: 

1.  See  the  objectlvee  ebove. 

2.  Bring  to  your  instructor  the  completed  MOD  sheets  to  discuss. 


/  ; 
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Work  only  with  thi  selected  terms  in  Che  glossary  that  are  starred  to 
com epood  to  th*  photogrsphfc  slides. 

\  1.    lor  each  Lsncform  model  (1-4),  study  the  labeled  parte  and  read  the 

accompanying  definitions.   Then  read  the  deecrlptlon  for  each  model.  To 
give  a  nore  realistic  picture  of  each  starred  lsndform,  a  representative 
photographic  slide  will  be  found  In  the  slide  tfay  labeled, MOD  195  (sea 
activity  3  below),    also  use  with  this  MOD  the  set  of  three  filaloops 
titled  Grand  Canyon  Geological  Formations.  Offset  Along  Faults,  and  Folded 
>     Mountains,   these  filaloops  will  be  used  ess  study  source  in  addition  to 
Model  2,  Canyon;  Model  3,  Fault  Block  Mountains;  and  Model  4,  Folded  . 
Mountains.    After  you  have  Identified  all  numbered  items  for  a  particular 
model  and  after  you  have  read  the  model  description,  watch  each  of  these  f  . 

filaloops.  '  \ 

2.  Answer  the  questions  Included  in  the  following  pages  for  each  model.  ' 

3.  Match  the  pictures  found  in  the  slide  trsy  with  the  starrca  terms  found  in 
the  descriptive  sheets  which  you  have  just  studied.    More  than  one  term  is 
correct  on  some  of  these  slides.    List  the  pictures  and  forms  that  you 
matched  on  the  answer  sheet  with  this  MOD. 


MODEL  1:    COASTAL  PLAIN 
Slides  #3,  #4,  4nd  #9 
1.    Notice  the  delta  (8).    Why  la  the  city 
of  being  built  upon  it? 


(16)  adjacent  to  this  delts  instead 


2.    Would  the  river  (6)  be  a  relatively  fast  or  slow  moving  stream?  State 
your  evidence. 
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If  a  person  vere  to  walk  on  the  delta  in  a  doimattaa direction,  would  be 
find  the  ccarser  grained  sediment  at  the  beginning  or  end  of  hie  walk? 

Whyt  v 


Give  several  reason*  why  the  coastal  plain  would  be  %  good  place  for 
faming. 


MODEL  2:   COASTLINE  t)F  SUBMERGENCE 
Slides  1/18  and  #20 

\  MODEL  t :     FAULT  BLOCK  MOUNTAINS  ^ 

Slides  #lf  #6,  #13,  and  #14 
What  happens  to  the  water  that  flows  down  from  the  mountains?    State  the 
observations  that  support  your  conclusions. 


/  • 
The  alluvial  fans  (l)y  resemble  what  landform  in  Model  1? 
Where  does  the  material  in  atu alluvial  fan  come  from? 


Why  would  this  whole  Jandfonn  be  an  area  of  potential  earthquake  activity? 


Notise  the  many  channel  scars*  in  the  alluvial  fan  (1).  Why  do  you  suppose 
the  streams  shift  their  position  so  frequently  over  these  alluvial  fans? 
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MOrEL  4:    FOLDED  MOUNTAINS 

Hides  #2,  «7,  >i\2,  #11,  #15,  jnd  16 

14,    Becauie  sediment  was  originally  deposited  to  form  the  layers  of  rock  seen 
in  this  model,  the  older  sediment  is  seen  on  the  lover  levels  and  the 
newer  or  younger  layers  are  evident  on  top*    After  millions  of  years 
stresses  caused  the  bending  and  folding  of  the  rocks  which  is  evident  in 
this  model.    If  you  cut  straight  across  the  top  of  an  anticline' (67) , 

would  the  oldest  or  youngest  beds  be  exposed  in  the  center?  

If  you  cut  across  a  syncline  (66),  would  the  oldest  or  youngest  beds  be 
in  the  center?  

15*    What  type  of  rock  seems  to  be  the  most  easily  eroded? 


16.    If  you' were  standing  at  the  top  of  an  anticline,  would  the  beds  be 
tipping  towards  you  or  away  from  you?  v  


17. 


If  you  yere  standing  at  the  bottom  of  a  syncline,  would  the  beds  be 
dipping  toward  you  or  away  from  you? 


18.    What  type  of  rock  is  the  folded  mountain  (65)  composed  of?  _ 


Is  this  type  of  rock  more  or  less  easily  eroded  ,  than  the  gre«.a  shale 
that  Is  directly  beneath  it? 
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MOD  i 97  lenplar     Kmhi  tions  of  DNA 
Of;;KCT'VI  S: 

1.  St.ite  vIk.tc  ,in  the  :>NA  molccu"  es  i»en<Htc  information  is  rarried. 

2.  Outline  the  synthesis  o!   DNA;   identic  the  components  involved. 

3.  Outline  the  synthesis  ci  RiNA;  ide:lti\  the  (omponents  invoked;  state 
,  how  this  differs  from  DNA  synthesis. 

4.  Define  and  distinguish  between'*    nucleoside  t      "iofiph^t  * ,  ryrieor.ide* 
DMA  polymerase,  RNA  polymerase:. 

5.  Given  the  base  sequence  of  a  nessen&er  RNA,  viit*»  the  sequence  o/  Its 
DNA  template.  *  . 


INSTRICTIONAL  REFERENCES  6  MATERIALS'; 


This  MOD, 


General  Biclo'y  ref  t  renrt-s  on  Tampl-Jte  F  motions:  at  JV!\ 
KioKgy  Media  Irtitract ;onal  M.  rc-r1^*;,  .   tuc<t«do&  SlJd<»/T&pfc, 
Singer  Caramnt^ 


*  1NTAL  A3SFSSMCN1: 
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MOD  Rat  ion«i]  NutibtTS  Kxinu*.  d 

OBJ  IX  i  VES:  . 

Ai   t  ho  i  inclusion  of  t  him  luH)  you  should  bo  able 

I.     Perform  rational  numbrr  computations  and  explain  the  basis  fur 

eac?  of  the.  skills, 
*  2.     List,  major  ideas  relatcu  to  rational  numbers  developed''  in  each 

grace  level  in  an  elementary  textbook  series. 
3.     Represent  tractions  as  ordered  pairs  and  geometrically  on  a  set 

of  coordinates. 

.  4.     State  and  apply  che  L:iv  of  the  Trichotomy  and  the  concept  of 
density  of  numbers. 
5,     Identify  error  patterns  ror  decimals  mnde  by  children,  suggest 
probable  causes,  and  propose  activities  to  remedy  the  difficulty. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  ( 

f 

1.  MMP,  Rational  Numbers 

2.  Ruler 

3.  Graph  paper 

_   ,  4.     Elementary  mathematics  textbook  series 

INSTRUCTIONS: 

1.     Review  terminology  at  bottom  of  page  56  and  page  57  of  Rational 
Numbers* 

^  .  2.    Perform  Activity  6,  Items  1-5  and  keep  all  your  records. 

3.  Activity  18  is  identified  as  "Seminar/'    However,  it  may  be 
pursued  individually  or  in  pairs.     Complete  Items  1,  2,  3,  and 
5  ^nd  record  your  answers. 

4.  Perform  Activity  20,  Items  1,  2,  3,'  4,  5,  6,  7,  and  8.  Keep 
£ll  records. 

5.  For  Activity  21,   read  the  introductory  material  and  perform  Items 
1,2,  3,  4,  5,  6  «md  7.     Keep  your  record's. 

6.  Perform  Activity*32  and  keej*  all  records. 

7.  Prepare  a  game  to  reinforce  the  concepts  of  this  MOD  for  your 
permanent  file. 

FINAL  ASSESSMENT: 

1.  Bring  all  records  and  materials  to  the  assessment  confernece. 

2.  Be  prepared  to  discuss  your  written  records. 

3.  .See  objectives  above. 
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INTRODUCTION: 

In  1953,  James  Watson  and  Franc*  Crick  fir«t-  postulated  a  double  helical 
structure  for  DNA.    The  Watson-Crick  model  triggered  immediate  excitement,  not 
only  because  it  provided  a  logical  explanation  for  some  confusing  chemical  facts  - 
about  DNA,  but  also  because  it  suggested  how  this  molecule  might  accomplish 
its  key  functions  in  the  life  of  the  cell. 

What  were  these  liological  functions  of  DNA?    How  could 'a  model  for  DNA's 
structure  explain  its  operation?    By  1953,  experiments  on  bacterial  transforma- 
tion and  on  bacterial  viruses  had  shown  that  genes  were  made  of  DNA.    And  genes, 
of  course,  were  known  (a)  to  contain  or  store  information  $bout  the  charac- 
teristics of  the  cell,  (b)  to  reproduce  this  information  and  carry  it  from 
parent  to  daughters  at  every  cell  division,  and  (c)  to  release  this  information 
when  necessary  in  order  to  direct  tWe  growth  and  development  of  the  cell.  If 
genes  were  made  of  DNA,  then  DNA  must  be  able  to  store  information,  to  reproduce 
it  before  cell  division,  to  release  it  for  use  in  the  cell. 

Watson  and  Crick's  model  provided  a  way  in  which  DNA  might  store  information: 
as  a  sequence  of  purine  and  pyrimidirie  bases  connected  in  linear  chains.  The 
model  also  immediately  suggested  how  DNA's  information  could  be  reproduced, 
ow  the  chains  of  DNA  could  provide  molds,  or  "templates",  for  the  construction 
of  new  chains.    Later,  this  same  template  concept  explained  how  information 
could  be  transcribed  from  DNA  onto  RNA  aND  used  for  directing  the  synthesis 
of  proteins,  and  thereby  control  the  entire  chemistry  of  the  cell. 

The  purpose  of  this  module  is  to  describe  in  detail  how  the  structure  of 
a  DNA  molecule  provides  the  basis  for  the  replication  and  transcription  of 
genetic  information. 

OUTLINE:      Slide/Tape  Presentation  p 

I.    Functions  of  DNA. 
IT.    How  does  DNA  "carry  genetic  information"? 

A.  DNA  structure:     base  sequences. 

B.  Letter*  sequences  as  information. 
III.    Reproduction  of  genetic  information. 

A.  Watson-Crftck  theory  of  DNA  replication. 

1.  Complementary  strands. 

2.  Templates. 

3.  Replication  process:    strand  separation,  and  construction  of  new 
polynucleotides  on  templates;  replication  forks. 

B.  Electron  micrographs  of  DNA  replication. 

1.  Virus,  E.  coli  DNA  circles. 

2.  Replication  model  for  circular  DNA. 

C.  Enzyme  functions  in  DNA  replication. 

1.  Enzyme. 

2.  Substrates. 

3.  Polymerization  process. 
I\  .    Tmnsf  rip  ion  of  genet  Lc  information. 

A.  RNA  s  .ructure. 

B.  RNA  5 /nthesis. 
L.     1  i7yme. 

2.  5  abstrntes. 

3.  I  jlymerizatlon  procc 

4.  1  ^omoters, 

5.  ,  Lectron  ti  icro*;rat»lt^. 
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TEMPLATE  FUNCTIONS  OF  DNA 

i^The  concept  of  the  gene  was  originally  designed  to  simplify 
the  Study  of  heredity:    Cregor  Mendel  defined  genes  as  hypothetical 
factors  that  control  traits,  and  he  showed  that  the  inheritance  of 
simple  traits  could  be  described  most  easily  as  a  passage  of  genes 

from  parents  to  progeny. 

Further  information  ar,d  reflection  on  the  nature  and  functions 
of  jenes  has  Complicated  this  once-simple  concept.    If  genes  are 
real  and  not  just  hypothetical,  there  are  many  things  that  they 
■ust  be  able  to  do.     ®     Genes  control  traits,  so  each  gene  must 
carry  or  contain  the  information  needed  to  specify  the  general  and 
detailed  nature  of  its  trait.    Genes  must  help  reproduce  the  genetic 
information.    Why?    0    When  a  cell  divides,  its  daughter  cells  must 
each  jecieve  a  complete  set  of  genes,  a  complete  set  of  genetic  in- 
structions.   Otherwise  they  would  not" be  the  same  as  their  parent  cell: 
they  would  not  be  able  to  grow  or  develop  or  divide  again  into  more 
daughter  cells.     If  both  the  two  daughter  cells  are  to  receive  a 
complete  set       instructions,  then  the  original  set  of  genes  must 
be  completely  and  faithfully  reproduced.     ©    Finally,  genes  must 
transmit  their  information  to  all  areas  of  the  cell  so  that  their 
information  can  be  used  to,  direct  the  development  of  the  cell.  In 
other  words,  genetic  information  must  be  translated  so  that  it  can 
be  expressed  as  traits.-  and  :enes  must  help  in  the  translation  process. 

The  discovery  that  genes  are  made  of  one  type  of  biochemical 
•acromolecule.  DNA,  implies  that  DNA  does  all  the  things  that  genes 
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must  do.     (5)    It  must  be  able  to  carry  information,  help  reproduce 
that  information, ,and  help  translate,  the' informat ion.    This  leads 
to  a  first-rate  scientific  mystery:    how  can  one  molecule,  DNA  or 
any  other  molecule,  accomprlish  all  these  things?    DNA  seems  like  a 
relatively  simple,  even  though,  large,  molecule,  with  a  structure  much 
the  same  from  organism  to  organism,  from  species  to  species.    How  can 
it  be  responsible  even  for  carrying  all  the. instructions  in  the  , 
thousands  of  genes  needed  to  direct  the  growth  and  development  of  an 
organism,  let  alone  for  the  reproduction  and  translation  of  these 
instructions? 

V 

0  To  answer  this  question,  we  mig'it  take  a  closer  look  rft  the 
structure  of  the  DNA  molecule,  for  it  is  possible  that  its  structure 
could  tell  us  much  about  how  it  functions.    The  structure  that  is 
now  accepted  was  first  proposed  by  James  Watson  and  Frances  Crick  in 
1952-    They  were  interested  in  DNA  structure  for  the  same  reason  we 
are:    they  hoped  for  clues  to  its  genetic  functions. 

(?)  Wat/on  and  Crick  hypothesized  that  ^DNA  w^as  built  in  the  shape  of 
a  ladder  twisted  around  itself,  a  "double  helix".     ®    Two  chains, 
composed  of  alternating  units  of  deoxyribose  and  phosphate,  formed 
the  two  sidepieces  of  the  ladder".    Pairs  o5f  base*  formed  the  crosspieces, 
or  steps. 

The  bases  werf  especially  important.    There  were, four  types  of 
bases,  adenine  (A),  thymine  (T)  ,  guanine  (C) ,  and  cytosine  (C) .  Each 
base  was  a  complex  organic  molecule ,  containing  one  or  two  rings. 
Pairs  of  bases  could  bind  together  through  hydrogen  bonds,  but  only 
certain  combinations  of  bases  could  uform  pair$:    A  with  T,  and  G  with 
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C.    Because  only  these  combinations  of  bases  fitted  together,  the 
sequence  of  bases  on  one  side  of  the  ladder  determined  the  sequence 
of  bases  on  th?  other  side.    But  in  general  the  sequence  of  base 
pairs  along  the  molecule  was  not  specified.    According  to  the.  model, 
any  of  four  permissible  base  pairs,  A-T,  T-A,  G«C,  OG,  could  fit  into 
any  6f  the  positions  on  the  DNA  ladder. 

Interestingly  enough,  it  is  the  sequence  of  base  pairs  that 
differs  from  DNA  molecule  to  DNA  molecule,  from  species  to  species. 
The  deoxyribose-phosphate  backbone  and  general  structure  stays  the 
same,  but  the  base  sequence  varies.    Since  species  differ  because  their 
genetic  information  differs,  since  their  genetic  information  is 
contained  in  DNA,  and  since  their  DNAs  differ  only  in  the  sequence  of 
their  . ises,  one  can  suggest  that  the  genetic  information  is  held  in 
the  base  sequence  of  the  DNA. 

It  may  not  be  obvious  to  you  just  how  a  sequence  of  bases  %n 
DNA  is  supposed  to  carry  information,  especially  all  the  information 
needed  to  specify  the  shape,  position,  and  function  of  every  cell  in 
the  body  of  a  plant  or  animal.    Maybe  this  is  a  good  time  to  consider 
what  information  is.      Information,  the  way  I  am  thinking  of  the  term, 
is  a  message.    Here  is  a  message  in  English;     @     Genes  are  units  of 
heredity.    This  English  message  is  made  up  of  letters.    There  are 
twenty-six  possible  letters- -maybe  morje,  if  your  want  to  count  the 
space,  the  period,  apd  other  punction  marks.    But  the  point  is  that 
there  are  only  a  finite  number  of  letters,  yet  there  are  an  almost 
infinite  number  of  messages  I  could  have  written.'  It  is  possible  to 
write  many  messages  using  only  a  few  lmtt*~«x,  because  the 

message  is  contained  actually  in  the  sequence  of  the  letters  and 
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because  one  ^n  use  as  long  a  sequence  as  necessary  to  get  the  Message 
across. 

@     In  exactly  the  same  way,  the  cell  can  write  aessages  in  DNA. 
The  DNA  language  has  only  four  letters,  the  base-pairs  A-T,  T-A,  G-C, 
and  OG,  but  by  placing  these  letters  in  the  Tight  sequence,  and  in 
as  long  'a  sequence  as  necessary,  it  is  possible  to  aake  any  aessage 
the  cell  requires. 

Since  the  cell  needs  lots  of  inforaation,  that  is,  lots  of 
.aessages,  there  Bust  be  very  long  sequences  of  DNA  bases,  long  stretches 
of  DNA.    This  agrees  with  what  we  know  about  DNA- -it  is  a  long,  stringy 
aolecule.    The  saallest  coaplete  DNA  genoae  known  cones  fron  a 
factorial  virus  and  has  SSOO  base-pairs.    Yoa  night  think  of  this 
■ore  as  a  paragraph  of  800  words,  each  word  seven  letters  long.  Don't 
yoi-  think  you  could  describe  a  very  sinple  virus  in  000  words  (assuming, 
of  course,  that  you  knew  what  the  virus  looked  like)T    The  DNA  of  the 
bacteriua.  Escherichia  cofi,  is  considerably  larger.    It  has  about  3 
■illion  base-pairs,. and  it  therefore  carries  nore  inforaation,  aere 
aessages.    The  DNA  in  a  huaan  cell  is  estinated  to  have  about  S.SOO.OOO 
base-pairs,  seven  aillion  tiaes  as  audi  as  the  virus  we  aentioned.  It 
is  admittedly  difficult  to  describe  a  huaan  being- -books  have  been 
written  trying, to  do  this -but  indeed  S.SOO.OOO  letters  would  fill 
books.    We  guess  that  they  would  provide  the  correct  description,  if 
they  were  arranged  in  the  right  sequence. 

If  we  accept  the  idea  that  DNA  can  carry  inforaation  in  lit 
sequences  of  base  paiis ,  we.  aust  then  ask  how  DNA  helps  reproduce 
this  information.    How  can  the  cell  reproduce  DNA--that  is,  aake 
new  copies  of  DNA- -and  retain  in  each  copy  all  the  inforaation  present 
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in  the  base  sequences  of  the  original  molecules?  ■  The  best  part  of  Watson 
and  Crick's  Model  was  the  fact  that  it  provided  a  possible  mechanics 
for  the  reproduction  of  genetic  information. 

@     The  basis  of  this  Jechanism  lay  in  the  double  stranded 
feature  of  the  model.    Remember  that  each  base  in  one  strand  could 
pair  with  only  one  kind  of  base  in  the  other  strand     (Q>     (A  with  Tf  - 
T  with  A,  G  with  C,  C  with  G).    Remember  that  this  fact  fixed  the 
sequence  of  bases  in  one  strand  once  the  sequence  in  the  other  strand 
was  chosen*    That  meant  that  each  single  strand  carried  the  total 

amount  of  genetic  information  in  its  base  sequence,  put  another  way,  j 
that  there  were  two  full  copies  of  genetic  information  in  the  double-  ! 
st.anded  DNA.  The  two  strands  were  not  identical,  of  course;  they  j 
didn't  have  the  same  bases.  Instead  the/  were  called  "complementary";  J 

}    the/  had  matching  bases.    The  two  complementary  strands  of  DNA  beat  the 

sane  relationship  to  each  other  as  a  @  printed  page  bears  to  its  • 
type  face,     ®     as  a  photographic  print  bears  to  its  negative, 

(£§)  or  as  molded  pottery  bears  to  its  template.  @  In  fact,  each  j 
strand  could  be  called  a  "template*1  of  the  other.    Each  strand  has 

all  the  information  needed  to  specify  the  base  sequence  of  the  other.  j 

Watson  and  Crick  suggested  that  the  DNA  molecule  and  its  base- 
sequence- information  could  be  reproduced  ("replicated")  by  a  process 
involving     @     separating  the  original  strands  by  breaking  the  weak 
;  hydrogen  bonds  between  matching  bases,  arranging  new,  comple- 


mentary bases  along  the  original  strands,  and     QjJ     connecting  thjse 
new  baies  together  to  form  new  strands.    This  suggestion  was  in  Watson 
and  Crick's  second  pap*r  published  in  Nature  in  1953. 
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Another  model     @     ,  very  similar  to  the  first,  suggested  that 
the  reparation  of  the  original  strands  and  the  formation  of  new 
'strands  occur  simultaneously,  forming  a  structure  like  that  shown  on 
this  slide.    The  region  of  replication,  called  a  "replication  fork"  would 
move  along  the  molecule  until  the  entire  DNA  was  copijgdr^This  picture 
is  taken  from  Watson's  book,  Molecular  Biology  of  the  gene.    Both  this 
mechanism  and  the  one  on  the  slides  before  use  separated  strands  of 
the  double  helix  as  templates  to  form  two  new  molecules  identical 
to  the  original  one. 

?  r 

What  do  we  know  about  how  the  replication  of  DNA  really  occursf 
For  one  thing,  with  moderti  techniques  and  an  electron  microscope 
we  can  take  pictures  of  DNA  molecules  caught  in  the  process  of  replica- 
tion.   The  next  two  pictures  show  a  viral  DNA  and  a  bacterial  (E. 
coli)  DNA  in  this  situation.    You  may  be  surprised  when  you  see  them** 
did  you  know  that  some  viral  DNAs  are  circles?     @     What  these  micro* 
graphs  show,  are  double-looped  structures  associated  with  the  replication 
of  a  circular  DNA  from  a  virus.    On  the  next  slide     @     is  the  same 
kind  of  shape  seen  in  a  much  larger  E.  coli  DNA  molecule.    These  pictures 
are  important,  because  they  seem  to  show  replication  forks     @  9 
structures  predicted  by  the  later  Watson-Crick  model  of  DNA  replication. 

When  a  circular  DNA  replicates,  its  two  strands  apparently 
separate  at  one  po£nt.    New  DflA  strands  are  formed  using  the  separated 
originals  as  templates.    The  resulting  structure  now  has  either  one 
or  two  replication  forks,  depending  on  what  kind  of  DNA  it  is  and 
what  sort  of  cell  it  is  in.  At  each  replication  fork/  there  will 

be  further  separation  of  the  parental  DNA,  followed  by  further  synthesis 


/ ' 

of  new  D;A.    This  will  continue  until  the  replication  fork  has  moved 
complete./  around  the  circle. 

How  is  new  DNA  synthesized  at  the  replication  forks? 
A     Like  important  processes  in  the  cell,  DNA  replication  requires 
enzymes  to  work.     @     There  exists  in  all  cells  an  enzyme  ,  "DNA 
polymerase",  which  functions  during  DNA  synthesis  to  link  together  the 
new  bases.    DNA  polymerase  adds  .bases  one  at  a  time  to  the  growing  end 
of ,a  new  DNA  strand.    The  actual  substrates1  of  this  chemical  reaction 
are  deoxyribonucleoside  triphosphates     @     .  A,deoxyribonucleoside 
triphosphate  is  a  base  with  a  deoxyribose  sugar  and  three  phosphates 
hooked  to  the  5'  carbon  of  the  sugar.    These  substrate  molecules 
are  made  by  enzymes  in  the  cell  and  kept  available  until  they  are 
neededTtfr  DNA  synthesis. 

<  j)     The  next  few  slides  show  how  the  enzyme  DNA  polymerase  works. 
In  these  pictures,  the  black  chain  of  A  and  T  bases  represents  the 
original,  template  strand  of  DNA.    ThlTred  chain  represents  the  new, 
jrowing  strand  of  DNA.    The  green  oval  with  the  yellow  spot  is  the 
enzyme,  DNA  polymerase;  the  yellow  spot  is  the  enzyme's  active  site. 

The  enzyme  starts  by  attac  hing  to  the  template  (black)  DNA 
strand  and  the  growing  end  of  the  new  (red)  DNA  strand.     ($3)  Than 
it  matches  the  base  of  a  substrate  deoxyribonucleoside  triphosphate 
to  the  corresponding  base  on  the  template  strand.    Once  the  substrate 
is  firaly  in  position,     @     the  enzyme  then  hooks  the  -OH  groUp  on 
the  3'  carbon  of  the  growing  chain  to  the  inner  phosphate  of  the  new 

d coxy ri bonuc  1  eos i de  triphosphate,  fnfing  the  phosphate  link  between  

the  sugars.    The  outer  two  phosphates  are  released:    it  is  this 
release  of  the  phosphate*'  that  provides  the  energy  for  DNA  synthesis. 
The  phosphates  eventually  split  up  and  go  into  the  cell's  general  pool 
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of  phosphate.     @     Finally,  tht  eniyn*  moves  on  along  the  DNA  by  one 
base,  getting  in  position  to  repeat  the  addition  of  substrate.  } 

The  slides  you  have  just  seen  represent  only  one  side  of  the 
replication  fork.    What  happens  at  the  other  side?     ©    It  seeas  that 
events  on  the  other  side  mist  be  different,  because  f  e  two  new,  growing 
DNA  strands  face  In  opposite  directions.    The  strand  we  have  been  watch- 
ing, has  a  free  3'  carbon  to  which  DNA  polymerase  can  attach  deoxyribo- 
nucleoside  triphosphates.    The  other  strand  has  a  free  5'  carbon,  un- 
suitable  for  addition  of  these/ substrstes. 

One  possible  solution  to  the  dilemma  is  this:     ®    sfter  the 
parental  DNA  strands  separate,  the  DNA  polymerase  extends  the  new 
strand  with  the,  free  3*  end  by  a  certain  number  of  bases.    The  the^ 
enzyme  turns  around,  switches  templates,  and  synthesizes  DNA  back  down 
the  other  side  until  it  reaches  the  end  of  the  other  strand.    A  second 
enzyme  (called  s  "ligase")  joins  the  gap,  and  new  both  sides  of  the  new 
DNA  have  been  extended  a  short  distance.    Thi/  process,  repeated  many 
times,  eventuslly  will  lead  to  the  replication  of  the  whole  DNA  molecule. 

@    We  now^come  to  the  third  and^finnl  part  of  this  module.  You 
have  seen  ho*  DNA  stores  information        how  its  structure  enables  the 
cell  to  reproduce  the  informsti^bjsfore  cell  division.  ,  But  if  DNA 
forms  genes,  it  must  be  able  to  perform  one  more  function  of  genes.  It 
■ust  be  able  to  supply  the  li/f option  to  the  cell  in  usable  form 
whenever  it  is  needed.  . 

It  does  this  by  serving  as  s  templets  for  the  synthesis  of  MA. 

©    UNA  is  s  type  ,61  molecule  which  can  carry  a  transcription  of 
genetic  information  contained  in  DNA  frosKthe  nucleus  to  the  c/toplasm. 
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It  does  this  by  haviug  a  base  sequence  coapleaentery  to  one  of3 the 
two  strands  of  a  DNA  molecule.    If  DNA  is  the  master  blueprint  for  a 
cell,  RNA  might  be  considered  a  working  plan  which,,  after  it  is  used, 
can  be  discarded.    Such  an  RNA  molecule  is  called  a  "passenger"  RNA 
(mRKA) .    Some  other  specialized  RNA  molecules  also  form  parts  of  the 
machinery  that  translates  the  transcribed  message.    Whatever  their 
different,  functions,  however,  all  RNA  molecules  share  some  similar 
physical  properties  and  all  are  synthesized  by  a  similar  mechanism. 

Like  DNA,  RNA  is  a  nucleic  acid.    How  does  RNA  differ  from  DNA? 
RMA  is  single-stranded;  it  also  has  ribose,  a  slightly  different  sugar, 
where  DNA  has  deoxyribose,  and  it  uses  uracil  (U) ,  a  slightly  differ*. at 
base,  in  place  of  thymine  (T).    Despite  these  differences,  the  bases 
of  R  A  can  form  complementary  pairs  with  those  of  DNA,  if  the 
sequences  of  the  RNA  and  DNA  match. 

RNA  synthesis  is  very  much  like  dSna  synthesis:     @     RNA  is  also 
synthesized  by  an  enzyme,  this  one  called  "RNA  polymerase".    The  process 
also  uses  DNA  as  a  template  and  nucleoside  triphosphates  &s  substrates. 
Of  course,  the  substrates  are  ribonucleoside  triphosphates     @  , 
different  from  deoxyribonucleoside  triphosphates  in  the  sugar  and  in 
the  uracil  replacing  thymine. 

Here  is  a  picture  of  DNA  with  an  RNA  polymerase  molecule.  The 

-) 

polymerase  i*  represented  by  the  yellow-green  blob  in  the  background. 
@     For  RNA  syn;h-?<  s,  the  Df!A  strands  separate  and  the  enzyme  "RNA 
polymerase^  binds  to  one  template  strand,  the  straight  strand  in  this 
picture*     @     The  eniyme  then  begins  by  binding  ribonucleoside  tri- 
phosphates complementary  to  those  in  the  template  DNA  9tt**nd.  After 
the  first  one  is  placed     £5)    \  the  enzyme  moves  along  the  DNA  (the 
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enzyme  is  moving  \i£  the  DNA  in  this  description),  connecting  ribonucleo- 

side  triphosphates  together.,  releasing  two  phosphates  at  each  step.  As 

* 

before,  the  release  of  these  phosphates  provides  the  energy  to  make 
the  whole  process  go.     @    As  the  MIA  is  formed,  it  peels  away\froa 
the  DNA  and  the  two  strands  of  the  OKA  snap  back  together.    This  slide 
show*  the  DNA -RNA  complex  after  the  enzyme  baa  moved  quite  far  along 
the  DNA  template.    Finally    @     ,  the  finished  UNA  is  released 
from  the  enzyne  and  the  DNA  and  is  free  to  leave.    Notice  that  the 
UNA  carries  a  base  sequence  complementary  to  that  of  the  template 
strand  of  DNA,  and  it  can  carry  the  sequence  anywhere  in  the  ce*T.  $ 

Where  does  RNA  synthesis  start?   How  does  the  ensyme  know  which 
strand  of  DNA  to  copy?   RNA  synthesis  cam  start  at  mamy  places  on  a 
DNA  molecule,  corresponding  to  the  many  genes  or  groups  of  gomes  that 
have  to  be  translated.     ©    The  spots  on  the  DNA  where  RNA  synthesis 
starts  are  called  "promoters",  but  what  they  look  like  and  how  they 
work  is  not  yet. know.  x 

Want  to  see  a  picture  of  RNA  as  it  looks  during  synthesis? 

This  picture  is  an  electron  micrograph  of  RNA  extracted  from  a  cell 

*  ** 

as  it  was  being  nade  on  a  DMA  template.    The  axis  of  each  feathery 
structure  is  the  DNA,  the  gene;  the  side  nieces  sticking  out  are  SNA  - 
(coveted  with  protein) ^  The  RNA  pieces  ate  email  at  the  beginning  of 
the  gene  (the  promoter)  and  larger  at  the  end,  where  they  are  almost 
finished.  1  * 

Let  us  end  this  module  by  stj^risfluflfee  important  concepts  that 
it  proposes:' 

@     First,  DNA  carries  genetic  information  i*  long  linear  aequencea 


of  base  pairs.    Each  gene  is  one  sequence  of  base-pair  "letters0, 
something  like  a  sentence  in  English. 

@     Second,  the  two  strands  of  DNA  each  act  as  templates  during 
the  s/iithtsis  of  new  DNA.    The  original  bases  determine  the  bases  that 
are  connected  to  growing  new  DNA  chain,  and  thus  the  old  base  sequences 
determine  the  ba^TTlq^ng^  fff  &e  new  DNA.     The  StlU  of  DNA 

thus  helps  to  guarantee  that  new  genetic  information  is  -  faithful 
reproduction  of  the  original  genetic  information. 

@     Third,  at  leasx  one  strand  of  DNA  acts  as  a  templet*  for 
the  formation  of  RNA.     In*  genetic  information  in  the  base  sequences 
of  DNA  is  thus  trans terred  to  base  sequences  of  RNA,  in  which  form  it 
can  b.  used  to  direct  the  formation  of  new  cell  material  and  thus 
determine  the  characteristics  of  cell  and  organism.  © 


*  GLOSSARY 

base — the  nitrogenous  component  of  nucleotides  and  of  DN>  and  MIA.    The  bases 

A,T,G,  and  C  are  found  in  DNA;  A,U,G,  and  C  jtre  found  in  JWA. 

base  pair — two  complementary  and  connected  bases  occupying  corresponding 

positions  in  the  two  chains  of  a  DMA    .  uble  nelixj  one  "letter"  in  a  DNA 
"message?". 

base  sequence*- the  order  in  which  bases  are  positioned  elong  an  UNA  chain  or 
base-pairs  are  positioned  along  a  DNA  double  helix. 

complementary— in  general,  acting  together  to  complete  the  whole.    In  nucleic 
acids,  one  base  is  considered  complementary  to  another  if  the  r*o  form 
a  stable  base-pair  connected  by  hydrogen  bonds. 

DNA  {deoxyribonucleic  acid)— a  polymer  of  deo^yribose- containing  nucleotides. 
Generally  found  as  a  double- chained  structure*  a  Mouble-helix" .  The 
genetic  material  of  all  eel Vs. 

DNA  polymerase— an  enzyme  responsible  in  part  for  the  ay*  diesis  of  new  DNA.  The 
enzyme  uses  deoxyribonucleoaide  triphosphates  as  substrates;  in  the  synthe- 
tic reaction  it  adds  the,  nucleotide  part  (deoxyribonucleoside  monophosphate) 
of  the , substrate  to  the  3*  end  of  a  DNA  chain,  releasing  the  remaining 

two  phosphates  to  solution.  a 
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0  oxynbose-phosr  ate  chain--the  backbone  .m  Ot.K:  the  part  of  the  DMA  .hat 

holds  base-'  irs  ir.  linear  sequence,  ",.ue  of  alternating  units  ot  .i.oxynboso 

1  and  pnosphat  ' 

ceoxyribonucleoside  triphosphate-a  suhst^te  lor  DNA  synthesis.  Consists 

of  cne  base,  deuxynbose,  and  pno*phates(  all  connected  by  covalent 

bonds.  >  The  base  connects  to  the  »     carbon  of  "  «  deoxyri^ose;  tne  three 
phosphates  are  connected  together  u.  -  line,  ana  the  line  is  connected 
to  the  5'  carbon  of  the  deoxyribose. 

double  hel>x~the  structure  of  most  DNA  molecules.    Consists  of  two  dooxynbose- 
'        Phosphate  chains  connected  to  a  lineal  series  of  base  pairs  and  wrapped 
around  these  base  pairs  in  a  right-handed  helical  shape. 

gene~an  element  Inside  a  cell  or  organism  that  controls  one  trait;  in  molecular 
terms,  a  segment  of  DNA  which  serves  as  a  template  for  the  formation  of 
one  WiA  molecule  or  (through  a  messenger  HNA)  of  one  protein  molecule. 

ligase-an  enzyme  involved  in  the  synthesis  of  DNA.    Works  by  connecting 
together  segments  of  deoxyribose-phosphate  chains. 

promotex-the  region  of  DNA  that  initially  binds  to  PNA  polymerase;  the  region 
of  DNA  at  which  RNA  synthesis  begins. 

RNA  (ribonucleic  acidO-a  polymer  of  ribose-containing  nucleotides.  The 

principal  nuclei  acid  found  in  the  cytoplasm  of  cells.    There  are  several 
types  of  RNA  molecules,  distinguished  by  their  different  sizes,  base 
sequences,  and  functions  in  the  cell. 

RNA  polymerase-the  enzyne  responsible  for  the  ZH^Tnm 
binds  to  DNA.  using  one  strand  as  a  template  for  the  RNA  synthesis-  ine 
en^e  uses  ^nucleoside  triphosphates  as  ^ \,  ZTot 

ruction  it  adds  the  nucleotide  part  of  the  substrate  to  the  3    end  of 
the  RNA  chain,  releasing  two  phosphates  to  solution. 

replication-reproduction  of  DNA;  the  process  by  which  a  ^"""^^^^^ 
pclymerase.  and  deoxyribuftucleosidi  triphosphates  form  two  DNA  molecules, 
each  identical  to  the  original  parert. 

replication  for*--,  region  of  DNA  in  which  parental  DNA  *°*  "*W  DNA 

is  synthesized  using  the  rarental  DNA  Strands  as  templates. 

ribonudeoside  triphosphate--*  substrate  for  aNA  synthesis      insists  of  one 
base,  ribosc.  and  three  phosphates.    Th*  base  connnect.  to  the  1  carbon 
of  the  ribose;  the  three  phosphates  are  connected  together  in  a  linear 
chain,  and  the  chain  is  connected  to  the  5'  carbon  of  the  ribose. 

template-a  pattern  for  testing  accuracy  of  form;  in  biology,  a  ^uence  of 
P  monomeric  units  (e.g..  bases)  connected  together  into  a  poly~r  »^  u Wd 
to  direct  the  joining  of  another  sequence  of  monomeric  units  into  another 
polymer. 

transcription-synthesis  of  RNA;  the  process  by  Which  the  base  sequence  of 
D"1  is  "transcribed"  into  a  base  sequence  of  RNA. 
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This  MOD  is  (^signed  to  provide  additional  experience  with  metric 
measurements,  -particularly  those  for  large  measurements  in  the  out- 
of-doors.     Exercises  are  also  provided  with  scales,  graphing,  and 
conversion  from  one  system  to  another.* 

Although  conversions  should  not  be  emphasized  when  teaching  metric 
measurement,  because  often  measurement  j^are  reported  in  one  system 
and  the  need  is  in  another  systom,  one  should  be  able  to  make  the 
conversion  when  needed. 

OBJECTIVES: 

At  the  completion  of  this  MOD  you  should  be  able  to: 

1.  Measure  linear  distances  using  a  metric- tape,  trundle  wheel, 
or  your  own  step.  / 

2.  Make  scale  drawings  using  metric  measurements. 

3.  Calculate  perimeters  and  areas  of  dbjects  for  which  you  have 
made  linear  measurements  for  the  dimensions, 

4.  Read  juJGelsius  thermometer  and  disjkiss  results  observed  during 
experimentation  with  freezing  rffuMjoiling    points  of  water 
solut  ions . 

INSTRUCTIONAL  REFERENCES  &  MATERIALS 

1.  Globe,  string,  metric  ruler,  large  sheets  of  cardboard,  masking 
tape,  knife  or  scissors,   100  lengths  of  soda  straws,  each  1  dm,  hot 
plate,  Celsius  thermometer,  sugar,  salt,   ice,  trundle  wheel 

2.  Task  cards  7,   II,   1ft,  43,   Sfi,  S7,   S9,  60 

3.  Three  booklets:     "How  to  Choose  the  Right  Tool  to  Measure  Distance,11 
''How  to  Make  a  Conversion  Grdph,"  "How  to  Use  a  Trundle  Wheel,"  and 
"How  to  Make  a  Scale  Drawing. " 

4.  Duplicator  Misters  14  and  31,  "How  Are  Changes  in  Linear  Measure- 
ments Going  to  Affect  You?"  and  "How  Are  Temperature  Measurement 
Changes  Going  to  Affe  You?" 

FINAL  ASSFSSMENT: 

1.  Bring  all  work  to  the  evaluation  interview. 

2.  Be  prepared  to  discuss  and  explain  your  work.  # 
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Scale  Drawings  in  Metrics 

Make  a  metric  scale  drawing  of  the  SME  Resource  Center  or 
the  ISMEP  Laboratory  in  Mason  Hall. 

Estimating  and  Measuring  Long  Distances  in  Metric  Units 

a.  Estimate  the  distance  between  two  adjacent  light  poles  on 
the  West  side  of  Mason  Hall. 

b.  Find  the  average  length  of  your  stride  and  use  this 
information  to  find  the  distance  between  the  two  adjacent 
light  poles.     (For  instructions  for  determining  the  length 
of  your  stride  see  Task  Card  11.) 

c    Use  a  trundle  wheel  to  measure  the  distarce  between  the  light 
poles. 

d.  Use  the  metric  tape  to  measure  the  distance  between  the  light 
poles. 

e.  Which  measurement  is  likely  mor.t:  accurate?    Which  is  least 
accurate?  Why? 

Metrics  in  Athletics 

Do  either  Activity  1,  2,  or  3. 

Activity  1:    Metric  Baseball 

a.  Usiog  a  trundle  wheel  or  metric  tape,  measure  the  baselines 
on  a  baseball  diamond. 

b.  How  far  in  metric  units  would  you  have  to  hit  a  metric  home 
run  at  the  MSU  baseball  field? 

c.  Construct  a  neat  scale  drawing  for  the  baseball  field.  Identify 
your  scale. 

Activity  2:    Metric  Basketball 

a.  Using  a  trundle  wheel  or  metric  tape,  measure  the  dimensions  of 
the  basketball  court. 

b.  What  is  the  metric  area  of  the  court? 

c.  How  far  in  metric  units  would  you  have  to  run  if  you  ran  20  laps 
around  the  perimeter  of  the  basketball  playing  court? 

d.  Construct  a  neat  scale  drawing  for  the  basketball  court.  Identify 
your  scale. 

Activity  3:    Metric  Football 

a.  Using  a  trundle  wheel  or  metric  tape,  measure  the  dimensions  of, 
the  football  field. 

b.  What  is  the  metric  area  of  the  playing  field? 

c.  What  is  the  perimeter  of  the  playing  field? 

c.     Construct  a  neat  scale  drawing  for  the  football  field.  Identify 

your  scale. 
Relationships  between  Perimeter  and  Area 
Do  Task  Card  18. 
Metric  Temperature  Measurement 

1.  Do  Task  Cards  57  and  60. 

2.  Choose  either  Task  Card  56  or  59. 
Extended  Metric  Activities 

Choose  I'ask  Card  7  or  Ta.sk  Card  43  and  carry  out  the  activities. 
Conversion  from  One  System  to  Another 

obtain  copies  of  Duplicator  Masters  14  and  31  from  the  file  cabinet 
and  complete  them. 
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HOW  ARE  CHANGES  IN  LINEAR  MEASUREMENTS 
GOING  TO  AFFECT  YOU? 
Teacher's  Note:   Students  will  get  more  direct  involvement  with  the  linear  measures  in 
everyday  life  than  any  other  measure   They  should  become  very  proficient  In  all  of  the 
common  units. 

PROBLEM:    Find  the  relationships  between  metric  and  customary  measurements. 
DIRECTIONS 

Read  carefully  and  fill  in  the  blanks  with  the  correct  answers. 

1.  Speed  limits  will  change! 

a.  A  50  miles  per  hour  speed  limit  will  ^acome  an  80  kilometers  ^er  hour  speed  limit. 

b.  A  15  mph  speed  limit  will  become  a  km/hr  speed  limit. 

c.  A  35  mph  speed  limit  will  become  a  km/hr  speed  limit. 

2.  Distance  signs  between  cities  will  change! 

a.  If  a  sign  says  "Flagstaff  10  miles"  it  will  become  "Flagstaff  16  kilometers." 

b.  If  a  sign  says  "Denver  100  miles"  it  will  become  "Denver  km." 

c.  If  a  sign  says  "Spokane  30  miles"  it  will  become  "Spokane  km." 

3.  Sports  measures  will  change! 

a.    What  would  be  an  appropriate  unit  for  measuring  the  high  jump  metrically? 


b.   In  metric  units  what  would  be  the  approximate  world  metric  high  jump  record? 


w.    The  mile-run  distance  is  approximately  

d.  What  is  the  approximate  metric  measure  of  a  football  field?  ,  

e.  How  high  is  a  basketball  goal  in  meyic  units?  . 

4.  Instead  of  buying  cloth  by\the  yard  you  will  buy  it  by  the^  . 

5.  Clothing  sizes  v^ll  change!  Instead  of  a  26-inch  belt,  you  would  buy  a  65- 

6.  Thirty-inch  shoelaces  will  become  75-  shoelaces. 

^7.  The  height  of  a  mountain  will  be  expressed  in  .  | 

8.   What  other  linear  measures  will  change?      Answers  will  vary.  , 

i 

EXTENSION'  Have  students  develop  a  list  of  "will  change"  items 

i 
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belt. 
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HOW  ARE  TEMPERATURE  MEASUREMENT  CHANGES 
GOING  TO  AFFECT  YOU? 

Teacher's  Note:   Students  will  have  a  hard  time  making  accurate  estimates  of  temperature  and 
and  will  need  a  great  deal  of  practice  making  estimates. 

PROBLEM:  Find  the  relationship  between  the  metric  and  customary  temperature  measurements. 
DIRECTIONS 


Read  carefully  and  fill  in  the  blanks  with  the  correct  answers. 

water 

1.  When  it  is  zero  degrees  Celsius,  that  means  A  is  going  to_ 


2.  Forty  degrees  below    _      _     will  remain  the  same.  Note'   -40°  C  =  -40°  F. 

3.  If  you  take  your  temperature  and  it  is  up  to  f  call  the  doctor! 

4.  When  baking  in  an  oven,  the  degrees  temperature  will  read  approximately 

one-half  the  Fahrenheit  scale. 

5.  A  c?He  that  bakes  at  360°  F  would  bake  at         .  C. 

6.  A  high  ot  on  the  4th  of  July  in  Miami,  Florida  will  take  some  getting  used  to. 

7.  The  number  of  below  7ero  days  that  occur  will  _ _ 

8.  Room  temperatures  will  feel  good  when  the  thermostat  is  set  to  . 


9.  When  your  automobile  radiator  is  boiling,  what  degrees  Celsius  temperature  will  the 
guage  record   - 

10.  When  it  is  40°C  in  Phoenix,  Arizona,  what  should  you  te  wearing? 


11.  Temperatures  between  and  are  grea*  W  being  outdoors  doing 

things. 

EXTENSION:  Make  a  list  of  temperature  changes  you  are  going  to  experience. 
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ISMEP 

MOl    200  Self-Concept 

Be*  ause  self-ccacept  plays  such  a  major  role  in  school  behavior  and 
learning,  especially  in  mathematics,  this  seminar  is  designed  to 
imroduc«  you  to  self-concept  theory  and  to  increase  your  ability  to 
transfer  this  knowledge  to  day  by  day  situations  with  students. 

OB,  ECTIVKS: 

Upon  completion  of  the  self-concept  workshop  activities  you  will: 

1.  Show  awareness  of  personal  feelings  and  of  the  feelings  of  others. 

2.  Become  active  in  analyzing  and  responding  to  situations  based  on 
personal  awareness. 

3.  Be  aware  of  self-concept  theory. 

4.  Be  able  to  transfer  knowledge  of  self-concept  theory  to  day  by  day 
situations  with  students. 

;.N"  actional  REFERENCES  AND  MATERIALS: 

All  materials  will  be  provided  at  the  scheduled  seminar. 
FINAL  ASSESSMENT: 

Satisfactory  completion  of  the  MOD  wi. 1  be  accomplished  by  your 
attending  and  participating  in  the  scheduled  workshop. 
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MOD  201    Popilatiois  (SCIS) 

DefLning  c perationally 

OBJECTIVES: 

After  the  completion  of  this  MOD  you  will  be  able  to: 

1.  Identify  and  operationally  define: 

a)  populations 

b)  predator-prey 

c)  plant  eater 

d)  animal  eater 

e)  plant-and-aniraal  eater 

f)  food  chain 

g)  food  web 

2.  Discover  predator-pray  relationships  existing  in  the  Environment 
Boxes  you  build. 

3.  Distinguish  between  a  pla^t  eater,  an  animal  eater,  and  a  plant- 
-  and-animal  eater. 

Name  food  chains  existing  in  the  Environment  Box  and  illustrate 
food  chains  and  food  webs  which  exist  in  your  environment. 
5.    Describe  and  discuss  the  factors  which  tend  to  stabilize  population 
numbers . 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS : 

1.  SCIS,  Populations,  Teacher's  Guide,  Part  II,  pp.  46-63 

2.  Environment  Box  prepared  by  the  student 

3.  Biology:  An  Appreciation  of  Life.  CRM  Books,  Chapter  14 

4.  Biology  the  World  of  Life,  Wallace  Chapter 

5.  Self  Instructional  Module  -"The  Ecosystem  I:  Introduction" 

FINAL  ASSESSMENT; 

See  objectives  above. 
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PROCED  RE: 

1.  Re  d  and  study  SCIS,  Populations,  Teacher's  Guide,  pp.  46-63. 

2.  -Fotlow  instructions  on  page  48  for  building  your  terrarium. 

3.  One  week  after  planting  your  seeds  add  cricket  and  aphid  populations 
to  your  terrarium  (sefc  pp.  51-52). 

4.  One  week  after  adding  the  cricket  and  aphid  populations  to  your 
terrarium  add  a  chameleon  to  your  terrarium  (see  pp.  55-58), 

5.  Make  daily  observations  of  the  populations  in  the  Environment  Boxes 
during  the  entire  three-week  period.    Record  your  observations  below 
u^ing  meaningful  and  descriptive  terminology  about  these  populations. 

List  organisms  in  the  Environment  Boxes  which^ would  be  classified  under: 
Plant  Eater      Pea  Eater      Clover  Eater      Animal  Eater      Pl^at-and-Animal  Ea 

1 

1. 

6.  Name  some  of  the  factors  in  p  predator-prey  relationship  which  contribute 
to  stable  population  numbers, 

i 

7.  By  observing  the  populations,  what  inferences  can  you  make  about  their 
physiological  needs?    Their  food  preferences? 

/ 
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8.  Dr  iw  a  f >od  wet  below  which  you  think  exists  in  the  Environment  Box. 
Be  prepared  to  give  logical  support  for  your  food  web  diagram  on  the 
ba;,i  of  the  otservations  you  made. 


9,     How  does  the  food  web  which  you  think  exists  in  the  environment  box 
differ  from  those  described  in  the  self-instructional  module? 


How  are  they  similar? 

r 
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\  7.    Identify  and  iperatlonally  define: 

£ .  to\  ulatio  is 

\ 

\ 

^  be  Predator-prey 

-  \ 

^  e  Plant  eater 


\ 

d  •  \  Animal  eater 


e.    Plant-and-animal  eater 
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THE  ECOSYSTEM  I:    AN  INTRODUCTION 

An  eco.yste.  is  the  p.tt.rn of  interact  ion  among 
their  environment  in  a. particular  "A 8lf  M^Inf  and  animals* 

using  nutrients,  seeking  shelter,  etc. 

infections  involving  the  flow  of  energy  - -ggft* 
the  basic  structure  of  the  ecosystem.  JJjf  ™f^t  otners  get 
fined  fro.  food.  *^  "^""Sure  end func?ion  of  the  eco- 
food  from  other  organisms.  The  **™C;"T*  £Yj£  involving  food- 
syste.  can  be  approached  by  studying  "Jg}£»h#.  relationships 
food  chains,  food  webs,  and  tr^P  Pyf*""ain£")  structure  of  the 
between  organises  make  up  the  trophic  l  reeomg  j 

ecosystem. 

outline  essential  points  you  should  master. 


OBJECTIVES 

-  describe  typical  interactions  which  are  involved  in  ecosystem 
structure  and  function. 

--  give  examples  of  typical  ecosystems. 

-  describe  the  functional  relationship  between  autotrophs  and 
heterotrophs. 

~  given  a  habitat  and  list  of  organisms,  outline  an  ecosystem  in 
ferms  of  food  chains,  food  webs,  and  trophic  levels. 

-  describe  the  trophic  level  of  a  given  species. 

•  -  explain  the . significance  of  food  in  ecosyste.  structure  and 
function. 

secondary,  tertiary,  decomposer,  food  chain,  tooo  we«,  y 

l?vel. 
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OUTLINE  OF  MODULE     f  V 

I.  introduction 

A.  Interact ionsXamong  organisms 

B.  Definition  o\ecosystem 
1  boundaries 

C.  Examples  of  ecosjfctems 

D.  Basic  patterns 

1.  biotic  and  abiotic 

2.  flow  of  energy  and  materials 

II.  Structure  of  forest  ecosystem 

A.  Based  on  food 

B.  Producer^  plants 

C.  Consumers  animals 

D.  Food  chains 
£.  Food  web 

F.  Decomposers 

G.  Heterotrophs  a^d  autotrophs 
Question:  Meadow  food  chain  and  web 

III.  Trophic  levels  and  pyramids 

A.  Trophic  levels 

B.  Pyramid  of  numbers 

1.  description 

2.  examples 

3.  limitations 

C.  Pyramid  of  biomass 

1.  description 

2.  examples 

3.  limitations 

D.  Pyramid  of  energy  flow 

1.  description 

2.  how  it  differs  from  other  pyramids 

3.  why  it  i*  always  upright? 
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©  ;    THE  ECOSYSTEM  I:  INTRODUCTION 


©  The  natural  landscape  is  made  up  of  many  habitats:  © 
forests.     ©    Ukes.     ©     mountain  tops,    ©     rocky  shores,  © 
even  campuses  aid    ©     freeways.    Each  of  these  habitats  holds  its 
own  forms  of  life.     ©     In  the  forest  around  our  campsite  we  might 
find  (besides  trjees)  squirrels,  mice,  a  variety  of  insects,  an  owl, 
B.vbe  even  a  beat.    The  forest  isn't  just  a  hodge-podge.    We  wouldn't 
expect  to  find  aj camel  or  a  jellyfish  or  a  cactus  out  there,  'he 
fprest  has  a  structure.    The  plants  and  animals  are  related  to  one 

another  in  definite  ways. 

The  chickaree  lives  in  the  forests  of  the  Sierra  Nevada  of 
California.     H  eats  pine  cones.    @     It  also  depends  on  the  pine 
tree  as  an  escape  route  ...  perhaps  to  escape  from  the  haw*,  © 
which  depends  on  squirrels  and  other  small  animals  for  its  diet.  The 
chickaree,  the  hawk,  and  other  animal*  depend     ©     on  the  plants  of 
,|he  tor^t  for  oxygen  as  well  as  for  food.    The  plants  depend  on 
the  animals  for  some  of  their  carbon  dioxide.    Also,  some  plant  seeds 
arc  dispersed  by  clmglr.g  to  the  coats  of  animals  or  in  the  digestive 
tracts  of  aninals.     ©     The  whole  system  depends  on  the  weather, 
and  materials  like  soil.  alaerals,  water,  and  air.     ©     The  energy 
of  s-Milight  makes  the  whole  thing  go  by  making  the  plants  grow. 

Q     This  elegant  natural  system  --  the  pattern  of  interactions 
among  organism,  and  their  environment  •-  is  called  an  ecosystem.  Eco- 
sys:-'S  can  be  large  or  small.     ©     An  aquarium  would  be  a  good 
example.     Q      or  a  prtnd,     ©     or  a  desert.     ©     or  ever,  the 
whole  worid.     This  giant  ecosystem  is  often  called  the  biosphere. 
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From  the  standpoint  of  an  ecologist,     @     even  the  organisms  in- 
side an  insect-eating  plant     @     or  a  human  being  and  his  parasites 
may  be  considerci  ecosystems. 

The  boundaries  of  some  ecosystems  are  more  distinct  than  others. 
The  boundaries  cf  the  human  ecosystem,     @     a  lake,  or  forested 
island  are  fairly  easy  to  define.     @     Bu.  some  ecosystems,  like 
this  area  of  chaparral  scrub  in  California,  are  hard  to  separate  from 
their  sunoundings.     The  chaparral  plants  gradually  blend  in  with 
the  plants  of  surrounding  desert  and  mountain  ecosystems.    The  animals 
of  the  chaparral  move  freely  into  other  ecosystems;  so  sometimes 
it  is  hard  to  say  hpw  big  an  ecosystem  is  . . .  where  one  ecosystem 
ends  and  another  begins. 

Each  ecosystem  is  unique  in  its  pattern  of  interacting  plant 
and  animal  populations.      @     This  living  or  biotic  part  of  the  1 
s     ecosystem  is  sometimes  called  a  community,;  and  thus  sometimes  we 
speak  of  forest  or  tidepool  communities.    E*ch  ecosystem  is  subject 
to  a  particular  combination  of  nonliving  or  abiotic  factors.  © 
Lack  of  moisture  shapes  the  desert.     @     Strong  winds  affect  the 
plants  and  animals  on  high  mountains. 

Ecosystems  differ  greatly  from  one  another  —  an  aquarium  is 
very  different  from  a  desert       but  there  are  structural  and  functional 
concepts  which  apply  to  all  ecosystems,    ®     These  concepts  mostly 
involve  the  flow  of  energy  and  materials  through  the  ecosystem.  This 
short  presentation  introduces  the  ecosystem.     It  concerns  the  basic 
t-r.eiplei  of  ecosystem  structure  ind  function.     Two  succeeding  units 
discus-     >erev  and  materials  in  the  ecos7^tem. 

Interactions  involving  energy  and  mat*>4£l$  determine  the 
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major  pattern  of  the  ecosystem.    To  organisms,  energy  an!  mater vals 
mean  food:  making  food  and  getting  food.    Let's  take  a  closer  look 
at  food  in  the  forest  ecosystem.    Note  that  the  principles  of  eco- 
system structure  which  we  will  discuss  apply  to  all  other  ecosystems 
as  well. 

0     Through  photosynthesis,  trees  and  other  plants  convert  the 
energy  of  sunlight  into  the  energy  of  chemical  bonds.  Carbohydrates, 
fats,  and  proteins  are  manufactured  from  raw  materials  in  water,  air. 
and  soil.    The  green  plants  are  thus  the  producers  for  the  ecosystem 
-  they  convert  the  nonliving  into  the  living       they  package  energy 
and  organic  matter  which  can  be  used  by  other  organisms.     @  The 
deer  obtains  energy  and  materials  by  browsing  on  grass  and  twigs. 
It  uses  these  materials  for  growth  or  reproduction  or  it  breaks  down 
the  material  or  uses  the  energy  stored  in  the  food  materials.  ® 
The  mount -in  Hon  gets  its  energy  and  materials  by  consuming  other 
animals.     In  contrast  to  the  plant  producers,  the  deer  and  mountain 
lion  are  consumers.     ©     Think  back  to  the  chickaree  which  eats 
pine  cones,  and  the  hawk  which  eats  chickarees.    Each  of  these 
similar  food  pathways  is  called  a  food  chain.    ©     Each  food  chain 
consists  of  plant  producers  and  animal  considers.    The  food  chain 
has  a  set  structure  --  the  mountain  lion  can't  short-circuit  the 
chain  and  eat  grass;  a,  d  the  squirrel  can't  turn  the  tables  and 
devour  a  surprised  hawk.    Finall,.  food  chains  are  not  infinite  in 
length.    They  are  usually  limited  to  five  or  fewer  links.  We'll 

discuss  why  later. 

©     There  arc  many,  many  other  food  chains  in  the  forest 
ecosystem.     For  instance:    wildflowcr  to  butterfly,  to  liiard,  to 
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hawk.    Thus  the  hawk  is  at  the  top  of  two  food  chains.    ©  Similarly, 
the  squirrel  might  be  preyed  upon  by  the  fox  as  well  as  a  hawk.  © 
Thus,  food  chains  are  interconnected  to  for*  food  webs.    Here's  a 
highly  simplified  forest  ecosystem  food  web.     Re^ber,  when  looking 
at  food  webs,  that  each  organism  on  this  chart  atf^lly  represents  a 
population  of  organisms.    The  butterfly  »ay  represent  several  thousand 
butterflies.    There  may  be  a  hundred  squirrels  in  our  patch  of  forest; 
maybe  half  a  doren  owls. 

In  addition  to  producers  and  consumers  there  is  a  third  very 
important  biotic  component  of  the  ecosystem.     @     These  are  the 
decomposers  . . .  organisms  which  break  down  and  r«c-cle  materials  in 
wastes  and  dead  bodies.     @     Bacteria,  fungi  an<i  other  decomposers 
clean  up  when  a  fox  marks  his  territory  or  a  mountain  lion  gets 
filled  up  before  he  cleans  up  his  plate.     ©     There  may  be  30 
billion  bacteria  to  do  this  job  in  every  pound  of  forest  litter. 

@     Producers  make  their  own  food.    They  are  often  called  auto- 
trophs --  "autotroph"  meaning  "self -feeding. "    Consumers  and  decom- 
posers get  their  food  from  other  organisms.    They  ere  called  hetero- 
trophs  --  a.  word  meaning  "other-feeding." 

Now  stop  the  tape  and  sketch  a  meadow  food  chain.    Add  a  couple 
of  connections  to  for*  a  simple  food  web.    Check  this  out  with  your 
inMiuctor  or  a  sample  answer;  then  restart  the  tape.  — ^ 

©     We  can  arrange  our  food  chains  and  food  web  to  represent 
the  number  .of  links  in  each  chain,  or  the  number  of  energy  and 
serial  transfers  in  each  chain  ...  sort  of  like  steps  orlevels. 
<Q     -irrs>  arc  called  trophic  levels.    The  plants  are  of  course 
-pr,ducer^.      The  butterfly  and  deer  are  primary  consumers.  The 
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litard  is  .  secondary  co.isu.er.    The  hawk  is  «  secondary  consumer  if 
it  eats  a  squirrel,  and  •  tertiary  consumer  if  it  eats  an  insect- 
catching  bird.     Primary  consumers  are  also  called  herbivores  because 
they  eat  herbs.    Higher  consumers  are  cam' , ores.    They  eat  meat. 
Many  consumers  are  omnivores  -  they  can  eat  plant  or  animal  food. 
Human  beings,  for  instance,  are  omnivores.    Remember,  these  are  / 
called  trophic  levels.    The  food  web  is  sometimes  called  a  trophic 
web.    The  food  web  structure  of  the  ecosystem  is  sometimes  called 
its  trophic  structure. 

@     The  relative  numbers  or  amounts  of  living  things  at  each 
trophic  level  are  sometimes  represented  in  the  form  of  a  pyramid  - 
with  the  size  of  each  step  proportional  to  the  organisms  at  that 
level.    This  is  a  pyramid  of  numbers  describing  a  grassland  eco- 
system. There  are  a  million  and  a  half  individual  plant  producers, 
but  only  one  tertiary  consumer  per  «very  quarter  acre  of  grassland. 
Don't  worry  about  the  absolute  numbers  here.    Just  note  that  there 
are  many  producers  and  fewer  and  fewer  consumers.  / 

@     Pyramids  of  numbers  are  nof  generally  applicable^  however. 
Trere  are  problems  with  this  kind  of  description  of  theetosystem. 
Iragir.e  a  forest  situation  where  relatively  few  tree^are  fed  upon 
b>  many  insects.     @     The  insects  outnumber  the^rees .  so  the 
pyramid  of  numbers  is  partially  inverted.    Thus,  tne  numbers  pyramid 
is  not  very  useful  for  making  comparisons  between  ecosystems  ...  it 
is  not  consistent. 

0     The  limitations  of  the  pyramid  of  numbers  can  be  overcome, 
h>wever.  it  we  compare  the  mass  of  organisms  at  each  level,  rather 
turn  she  r  nunbers.    The  mass  of  living  material  is  called  bjoma  s  s . 
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This  corrects  the  forest  pyramid:  even  though  there  aren't  as  many 
trees  as  insects,  the  aaount  of  plant  Material  weighs  sore  than  the 
insects. 

^     This  is  a  pyramid  of  biomass  for  a  freshwater  spring  in 
Florida. 

@     Now  take  a  look  at  this  pyramid  of  biomass  for  the  open 
ocean  of  the  English  Channel.    Phytoplankton  producers  are  on  the 
bottom  and  zooplankton  consuatrs  en  top,    How  can  4  grams  of  plants 
support  21  grams  of  arimais?    It's  interesting  you  should  a«v.  The 
pyramid  of  biomass  has  its  problems  too.     It  leaves  out  the  dynamic , 
changing  aspects  of  the/Situat ion.    This  pyramid  tells  you  that  at 
any  given  moment 9  if  you  were  to  dip  a  net  into  the  waters  of  the 
channel,  you  would  find  4  grams  of  plants  per  square  meter  with  21 
grams  of  animals  per  meter  gobbling  them  up.    What  the  pyramid 
doesn't  tell  us  is  that  the  producers  in  th'is  case  have  *  tremendous 
reproductive  rate  which  enables  them  to  keep  ahead  of  the  consumers. 
The  rapid  production  of  plant  material  is  disregarded  in  the  static 
pyraaid  of  biomass.     ~hu* ,  the  pyramid  cf  biomass  is  a* so  of  limited 
usefulness.     Its  shaoe  is  not  consistent  from  ecosystem  to  ecosystem. 

The  most  accurate  representation  of  the  relationships  be- 
tween ecosystem  trophic  levc-i  is  the  pyramid  of  energy  flow.  The 
pyramid  ol  energy  flow  describes  the  rate  at  which  calories  of  food 
energy  pass  through  thf  feed  *eb.  from  trophic  level  to  trophic  level. 

This  energy  pyramid  for  a  Florida  spring  shows  that  for  a  given 
pt'iod  of  time  and  are:,  about  21,CCo  calories  of  production  energy 
are  _o.   :  *  *  d  to  about  3,400  calories  of  primary  consumer  energy,  etc. 
(si)     TV.e  energy  pyraric  *.^curately  describes  the  relationships 
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and  relative  importance  03'  the  trophic  levels,  and  it  is  most  useful 
in  comparing  the  structures  of  ecosystems.    Interestingly,  the  energy 
pyramid  is  always  upright.     @     Why  is  the  energy  pyramid  always 
rightside  up?    Why  does  the  amount  of  energy  decrease  ft*  each  level? 
These  are  fascinating  questions.    These  questions  were  our  reason  for 
discussing  pyramids  in  the  first  place.     ^     To  explain  the  energy 
pyramid,  we  must  understand  how  energy  gets  into  the  ecosystem,  how 
it  is  used,  and  Where  it  ends  up.    We  will  discuss  energy  in  the 
ecosystem  in  the  second  ecoiystem  presentation,  concerning  energy  flow. 
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MOD  202  Theory  of  Nuntber^  I 

This  MOD  is  designed  to  expand  your  knowledge  of  number  theory  and  to 
provide  you  with  ideas  and  techniques  for  activities  in  the  elementary 
cJ  ^ssrocms. 

OBJECTIVES; 

After  you  have  completed  this  MOD,  you  will  be  able  to: 

1.  Represent  any  counting  nun^er  as  a  product  of  prime  factors 

2.  Use  tests  for  divisibility  by  numbers  2  through  11 

3.  Use  the  sieve  method  to  determine  the  prime 

4.  Find  the  GCF  and  LCM  by  using  prime  factorization 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

MMP,  Number  Theory 
Cuisenaire  rod? 
Minimum  of  20  tiles 

Fundamental  Concepts  of  Elemsn tary  Mat hems tics  by  Lawrence 
A.  Trivieri 

PROCEDURE: 

1.  View  slide-tape  Overview  of  Number  Theory. 

2.  In  the  MMP  book,  Number  Theory,  do: 

,  Activity  1:  Read  Discussion    and  do  Sections  1,  2,  4,  and\  5 
Activity  2:  Part  A,  Sections  1,  2,  3,  4,  and  5 

Part  B,  Sections  I,  2,  3,  4,  and  5  J 
Activity  3:  Part  A,  Sections  ],  2,  3,  4,  and  5  J 
Part  B,  Sections  1  and  2 

Part  C,  Sections  1  and  3i  and  3ii  x 
Activity  4:  Fill  in  table  on  page  3/  (If  necessary,  consult 
Trivieri* s  Fundamental  Concepts  of  Mathematics,  pp*  236  -  245 
in  Resource  Center)  la,  b,  c,  d  and  2a,  b.     Do  not  write  in  book. 
Activity  5:  Part  A,  Sections  ],  2,  3,  4,  5,  and  Ha 
Activity  6:  Part  A,  be»:-ions  ]  and  ? 

Part  b,  Sections  I,  3,        and  5 

Par:  C,  Sections  1  and  3  <> 

FINAL  ASSESSMENT: 

Schedule  an  interview  and  bring  all  papers  to  the  evaluation  session. 
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SELF-  TEST  for  MOD  202 

1.    A  number  is  divisible  by  4  if  and  only  if 


2.    A  number  is  divisible  by  9  if  and  only  if 


3.  Dees  7|  6944?  Show  test. 

4.  Does  6 j  294,462?    Show  test. 


5.     D.>es  8)294,462?  Show  test. 


7.    Find  the  least  common  multiple  of  52  and 


8.    Factor  36  into  its  prime  factors  by  tW  factor  tree  method 


9.     Find  ail  the  primes  less  than  50  by  the  sieve  method 


10.     If  120  =  2-3  5  and 


180  =-2':3*5,  then  the  I. era.  of  )20  and  180  is 
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Answers       SELF-TEST,  MOD  1 02  / 

1.  The  last  2  digits  of  the  number  are  divisible  by  4V 

2.  The  sum  of  the  digits  is    divisible  by  9. 

on*       56  ' 

4.  Yes,  since  2|2  and  3 |27.  / 

5.  No,  since  8^462. 

6.  52  -  2*13  ,  , 

r 

60  »  2*3*5  V. 
g.c.d.  -  2  — 
L.c.m.  -  2«3'5'13 
8.  36 

(/  \  36  «.2*3f~  ' 

/\  A 

2  2    3  3  /' 

^    #    23    2/    2*    2/   ^    2^   29    yf  31    ^    3*   3X  #   37  3X 

3^    h/i    41    ^    43    ^   ^   ^   47    ^  ^ 
10.  2-3-5 
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^         MOD  203    Interaction  and  Systems  (SCIS) 

Observing,  Inferring,  Interpreting  data  _ .  -v 

OBJECTIVES: 

1.  Given  two  sets  of  msterlals,  you  will  work  with  them  in  order  to 
demonstrate  the  meanings  of  each  of  the  following: 

a.  interaction 

b.  evidence  of  interaction 

c.  eye tea 

2.  Given  the  activities  carried  out  for  objective  1,  you  will  list  and 
describe  examples  of  3  different  kinds  of  interact ion-at-a-dlstance. 

3.  Glveu  the  activities  carried  out  for  objective  1,  you  will  select 
materials  of  your  own  choice  and  djpmonstrate  the  meahings  of  inter- 
action, evidence  of  Interaction,  and  system  in  terms  of  your 
materials. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS:  ( 

1.  SCIS,  Interaction  and  Systems »  Teacher's  Guide 

2.  Pulleys,  baseboards,  cranks,  shafts,  copper  chloride,  bags  made  from 
coffee  filters,  glass  containers,  aluminum  foil,  plastic,  bags,  filter 
paper 

FINAL  ASSESSMENT: 


1*    Show  your  records  for  activities  1,  2,  and  3. 
2.    See  objective  2. 

J.    See  objective  3.    With  real  materials,  be  prepared  to  demonstrate 
for  the  instructor  the  concepts  stressed  in  this  MOD. 
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These  activities  refer  to  chapters  In  SCIS9  Interaction  and  Syafr^&a,  Teacher's 
iolde. 


1.    Reed  "Objects  Interact"  and  "Systems,"  pp.  28-30,  44-48,  as  preparation 


2.    Read  "Exploring  Pulleys1*  ^n^OMfuurlng  Pulley  Systems ,M  pp.  66-69,  and 
work  with  the  pulleys  and  baaes  supplied  in  the  NOD  tray.    Write  youj 
obf ervations  and  use  the  pulleys  to  demonstrate  interaction,  evidence  of 
interaction,  and  system.    What  happens  when  you  put  one  twist  in  the  string 
or  rubber  band  around  two  pulleys?   Write  any  relations  or  inferences 
ryou  reach  by  manipulating  the  pulley  systems. 


3.    Read  11  Dissolving, |f  "Making  Copper  Chloride  Solution,"  and  " Aluminum  and 
Copper  Chloride  Solution,"  pp.  70-79,  and  work  with  the  chemicals  supplied 
in  the  MOD  tray.  , Write  your  observations  and  use  the  chemicals  to 
demonstrate  Interaction,  evidence  of  Interaction,  and  system/  Carry  out 
the  activities  described  in  the  SCIS  Teacher's  Guide,  pp.  70-79?  and  reegfrd. 
your  results  below.  >s-*n 
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Read  wInteraccion-at-a-DistancefH  t>P-  80-81,  and  list  at  least  3  specific 
cases  of  interact ion-a  t-a-dis tance  in  your  everyday  world  excluding  the 
effect  of  magnets  on  eich  other  and  on  iron. 


2. 
3. 

Others 


Ose  real  tiattrials  other  than  those  in  the  MOO  tray  to  demonstrate  the 
meanings  of  iateractdfbn,  evidence  of  interaction,  and  system. 
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MOD    204    Environments  (SCT< ) 
Observing 


OBJECTIVES: 

1.  After  completing  this  MOD,  you  will  be  able  to  define: 

a)  environment  e)     minimum  i   ^  . 

dj     enviruiwneiiL  /  /   in  reiation  t0  range 

b)  environmental  factors  r)-    maximum  J 

c)  range 

d)  optimum  range 

2.  You  will  observe  an  environment  and  use  your  data  from  that 
environment  to  dis.uss  the  environmental  factors  and  optimum 
range  for  some  of  the  organisms  in  that  environment . 

3.  You  will  observe  and/or  infer  interactions  among  the  organisms 
in  the  environment  and  the_J.nt  era  ct  ions  between  the  organisms 
and  their  environment.     Be  ready  to  discuss  these  interactions. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  SCIS,  Environments,   Teacher's  Guide,  pp*  22-23,  34-35,  ^0-42, 
68-69,  84-8 S 

2.  Environment  Box  prepared  by  the  instructor 

3.  Hand  lens 

4.  Biology:  An  Appreciation  of  Life,  CRM  Books,  Chapter  14 

5.  Biology  the  World  of  Life,  Wallace  Chapter 

FINAL  ASSESSMENT: 


1.  Review  briefly  procedures  2-6  with  the  instructor. 

2.  Discuss  the  conclusions  which  you  have  drawn  about  the  environment 
and  support  youx  conclusions  with  evidence. 
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PROCEDURE: 

1.  Read  and  study  SCIS,  Environments,  Teacher's  Guide  pages  indicated  above. 

2.  Make  daily  observations  of  t»e  animals  in  the  Environment  Box  for  at 
leaatlwb  weeks.    Record  your  observations  in  meaningful  and  descriptive 
terminology. 

3.  Make  dailyrPbaarvatlons  of  the  botanical  aspects  of  the  Environment  Box 
for  aTTeasi  two  weeks.    Record  your  observations  in  meaningful  and 
descriptive  terminology. 

4.  Make  dally  observations  of  the  physical  environment  in  the  Environment  Box 

for  at  least  two  weeks.    Be  quantitative  in  describing  your  observations. 

5.  Record  below  the  interactions  you  detect  between  any  one  organism  and  its 
environment.    Record  this  for  at  least  three  different  organiems. 


6.  Define  these  terms  in  view  of  your  study  of  the  Environment  Box  and 
your  readings : 

a)  Environment 

b)  Environmental  fee cor 

c)  Range 

4)   Option  range 

7.  Draw  at  leaat  one  conclusion  generalised  from  your  data  about  the  total 
™ron.ental  aystem  o*  the  Environment  Box.    Support  your  conclusion 
with  logical  evidence. 
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MOD  205    Theory  of  Numbers  II 

This  MOD  i    designed  to  expend  and  reinforce  your  knowledge  of  number 
theory  and  to  provide  you  with  ideas  and  techniques  for  teaching  clock 
arithmetic  in  the  elementary  classroom. 

OBJECTIVES: 

After  you  have  completed  this  MOD,  you  will  be  able  to: 

1.  Determine  the  remainder  classes  for  any  integer, 

2.  Recognize  and  usj  a  s<*t  of  reminder  classes  for  any 
sivt-n  integer  is  a  mathematical  structure. 

3.  Understand  and  apply  the  concept  of  congruence. 

4.  Dof:::o  ar  equivalence  relation  ;md  show  that  congruence 
is  an  equivalence  relation. 

INSTRUCTIONAL  REFERENCES  AKD  MATERIALS: 

MMP,  Number  Theory 
I.     Minimum  of  20  tiles 

e 

AOCEDURES:  , 

In  the  MMP  book,  Number  Theory,  do: 

1 .  Activity  10;  I,  2,  3a, ~b,  c,  4 

2.  Activity  11;  1,  2,  3,  also  Project  6 

3.  Activity  12;  Part  A,  1,  5,  6,  7 

Part  B,  2,  4,  3,  6 
Part  C,  I ,  3 

FINAL  ASSESSMENT: 

Take  written  test  obtaiiKu  from  Mrs.  Yoo  in  Resource  Center. 
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MOD  l Subsystem*  and  Vai  tables  (SCIS) 

Communicating,  cortrolling  variables 

OBJECTIVES: 

1.  Given  2  physical  systems  different  from  each  other,  you  will  work 
with  them  in  order  to  demonstrate  the  meanings  of  the  following: 
a  subsystem 

b.  solution 

c.  evaporation 

d.  histogram 

e.  variable 

2.  Given  the  activities  carried  out  for  objective  1,  will  select 
materials  of  your  own  choice  and  demonstrate  the  meaning  of  the  5 
concepts  listed  in  objective  1. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

i 

1.  SCIS,  Subsystems  and  Variables,  Teacher's  Guide 

2.  Salt,  sugar,  starch,  baking  soda,  cobalt  chloride,  filter  paper, 
food  coloring,  glass  containers,  empty  tea  bags 

3.  Whirly  Bird,  rivets,  graph  paper 

FINAL  ASSESSMENT:  *  \ 

1.  Show  your  records  for  activities  1,  2,  and  3. 

2.  See  objective  2.    With  real  materials,  be  prepared  to  demonstrate  for 
the  instructor  the  concepts  stressed  in  this  MOD. 
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PROCEDURE: 

These  activities  refer  to  chapters  In  5CIS,  Subsystems  and  Variables,  Teacher9 8 
Guide. 

1.  Read  the  following  pages  as  preparation: 
"Subsystems,"  pp%  34-35; 

"Solutions  and  Evaporation, "  pp.  50-53? 
"Histograms , "  pp.  72-7 3j 
"Variables,"  p.  97. 

2.  Solutions:  Seed  "Inventing  the  Solutions  Concept/1  pp.  58-59.  Using  the 
materials  In  the  MOD  tray,  demonstrate  the  meaning  of  each  term  nnd  write 
a  brief  description  of  the  results: 

A.  Solution 


B .  Non-solution 


C.  Filtration 


0.    Evaporation  and  crystallization 


E.    A  solution  subsystem  of  a  non-solution 


3.    Whlrly  Bird:    Read  MThe  Whirly  Bird  System,"  pp.  90-105.    Using  the 

materials  in  the  MOD  tray,  demonstrate  the  following  and,  if  applicable, 
write  a  brief  description  of  the  results  In  each  case: 

A.  Subsystem 


L.  Variables 


J 

0.    Histogram:    Construct  one  and  be  ready  to  discuss  it  with  the  Inst rue tot 
Be  creative  in  selecting  your  variables. 
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0.    Controlling  variables 


4.    Using  raal  materials  of  your  own  choice,  demonstrate  the  meanings  of: 
subsystem,  solution,  evaporation,  histogram,  variable. 
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MOD  2«7    Ffosystems  (SCIS) 
Inferring 


OBJECTIVES: 


A.    Given  your  observation  of  the  Environment  Box,  you  will  be  able  to: 
1.    discuss  what  part  any  one  of  the  following  constituents  has  in 
maintaining  the  total  system: 

a)  ecosystems 

b)  pollutant 

c)  water  cycle 

d)  oxygen-carbon  dioxide  cycle 

e)  food— nir.cral  c\cle; 

1.     ciscuss  the  caelum  ^  of  materials  in  an  ecosystem  in  oxygen-carbon 

dioxide,  food-mine? al ,  and  water  cycles; 
3.     describe  the  cycles  of  a  waier  molecule  from  the  time  that  it  leaves 
the  ocean  through  evaporation  until  it  returns  to  the  ocean  through 
the  ground  water,  streams,  or  rivers; 
um    discuss  the  relationship  that  exists  between  carbon  dioxide,  oxygen, 
water,  organic  compounds  (carbohydrates,  lipids,  proteins),  and 
metabolism  (respiration  and  photosynthesis); 
5.     name  the  five  major  ecosystems  (biomes)  seen  in  the  Environment  Box. 
B.     Utilizing  the  self  instructional  modules,  "The  Ecosystem  TI:  Energy, 
and  "The  Ecosystem  III:  Macerials you  should  master  the  ideas 
described  in  the  self  instructional  module  booklets. 


INSTRUCTIONAL  REFERENCES  AND  MA"  ERIALS :'  (No  MOD  tray  for  this  MOD,  chec 

Resource  Center  for  items  #1,2 

1.  SCIS,  Ecosystems,  pp.  22-23,  42-43,  58-59,  78-79,  and  82-85 

2.  Biclogy:  An  Appreciation_oj^ife,  CRM  Books,  Chapter  14 

3.  Biclogy'tl  e  World  of  Life,  Wallace  Chapter 

4.  Environment  Box  prepared  by  the  instructor  4        ^  ^ 

5.  Self  Instructional  Modules,  "The  Ecosystem  II:  Energy"  and  Tl 
v    Ecc system  III:  Materials" 

FINAL  ASSESSMENT: 

1.  Set  objectives  above. 

2.  Tr«  ce  the  water  molecu  e  through  several  pathways  from  the  t-ii 
water  molecule  leaves  (he  pond  in  the  Environment  Box  through 
evaporation  until  it  returns  to  i  he  pond. 
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PROCEDURE: 

Livfag  organisms  are  composed  of  various  chemical  substances.    Water  comprises 
60-oOZ  of  living  cells.    Water  Is  constantly  taken  In  and  voided  by  the 
organism.    It  1*  used  to  build  body  structures*  as  a  carrier  for  voiding 
wastes*  rnd  to  dissolve  or  put  into  solution  other  substances  that  the 
organism  needs. 

It  is  Important  then  for  the  living  organism  always  to  have  water  available. 
Water  evaporates  into  the  air  from  bodies  of  water  such  as  rivers ,  streams* 
or  oceans.    It  drops  back  on  the  land  in  the  form  of  rain.    Eventually  most  or 
this  water  re-enters  rivers,  streams,  and  lakes  or  runs  back  to  the  ocean. 
Before  this  water  returns  it  may  be  used  many  times.    This  HOD  shows  how  water 
is  used  and  manipulated  by  living  organisms  from  the  time  it  falls  as  rain 
until  It  returns  to  our  lakes  and  oceans. 


Diagram  #1 


Evaporation 


Cloud  ) 


Rain ,  ' 


Soil  Water 
Source 


i 


/ 


\ 


■"S  River 
^  Drai 


sRun  Off  _  _  ' 

S\  *  Evaporation  / 
na^e  \^ 


Mater  i*Hig 


1.  Water  constantly  enters  ti»  air  by  evaporation  from  large  bodies  of  water, 
Water  vapor  forms  clouds.    It  results       rain  which  falls  upon  the  earth. 

2.  Water  returns  to  the  ocean  in  four  main  wtys: 

a.  ,  Direct  rui-off 

b.  Indirect  run-off  by  way  of  streams  and  rivers 

c .  Evaporation  from  inland  waters  to  f orin  clouds  and  to  i  ain  back  into 
the  ocean 

c .    Seepage  of  soil  water  to  underground  water  tables  which  move  into 
8 c  cans  or  directly  into  the  ocean 
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Diagras  #2         ^  Transpiration 


Pl^t.  use  water  as  a  carrier  to  move  diasolved  substances  from  the  soil  to 
SS?£v£  water  evaporate,  fro.  leaves  by  a  proce..  called 


their  leave, 
transpiration 


Diagram  #3 


Rain 


Soil 


Sought  «  «««  -»l«ulM  la  PUn»c.u.«  the 

bydrog«  od  oxygen.   Hydrogen  cosine,  vtth  "^full.  {I0.  end 

be  expressed  by  eimplified  equation.. 


2B2O 


aunlight  y      4h  +  02  (ga.) 


2H  +  C02   

In  thi.  «a:  some  of  the  water  molecule,  are  trapped  . temporarily  in  plant 
tissue..    C«7gen  mtera  the  atmoaphere. 
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Diagram  #4 


Soil 


AnlralB  eat  plants  or  other  animals  who  have  eaten  plants.    These  animals 
break  down  organic  compounds  and  use  them  as  energy  for  motion  or  to  make 
other  chemical  substances.    The  breakdown  of  these  organic  substances  requires 
,  ygen  and  results  In  the  formation  of  carbon  dioxide  and  water.    Water  may  be 
xcreted  and  added  to  the  environment  or  it  may  be  used  for  other  body 
function*.    The  chemical  reactions  are  represented  below: 


Oxygen  +  Organic  Foods  (CH2O) 
Diagram  #5 


<X>2  +1^0+  Energy 


Plants  and  Animals  Die 


(Decay  by  Bacteria 


L  — 1 — 

^2o 


Soil 


When  plancii  aiid  animals  die  bacteria  decompose  them  into  carbon  dioxide  and  , 
water.    Bacteka  combine  oxygen  with  hydiogen  from  organic  materials  to  form 
water.   Much  df  the  oxygen  formed  by  plants  from  water  in  photosynthesis 
returns  to  the  environment  in  this  way.   This  water  drains  into  larger  bodies 
and  my  on<:e  again  return  to  the  land. 
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THE  ECOSYSTEM  II: 


ENERGY 


INTRODUCTION 

Organisms  require  t  continual  input  of  energy  to  maintain 
organization  and  to  power  day-to-day  activities.    The  flow  of  energy 
from  one  organism  to  another  is  of  central  importance  in  determining 
the  structure  of  an  ecosystem. 

Energy  enters  the  ecosystem  in  the  form  of  solar  radiation.  It 
is.  transferred  from  one  trophic  level  to  another  in  the  form  of 
chemical  bonds.    All  the  energy  which  enters  the  ecosystem  as  sunlight 
eventually  leaves  the  system  in  the.  form  ofNieat. 

The  flow  of  energy  through  the  ecosystem--how  it  is  captured, 
what  it  is  used  for,  and  the  efficiency  of  transfer—is  the  subject 
of  this  presentation.    The  following  objectives  outline  the  essential 
points  you  should  master. 

OBJECTIVES 

explain  why  energy  is  of  central  importance  in  determining  the 
structure  of  an  ecosystem. 

describe  how  energy  gets  into  the  ecosystem,  and  identify  the 
source  of  energy. 

describe  two  major  "uses*1  of  energy  by  organisms. 

describe  what  respiration  or  maintenance  energy  is  used  for. 

-*  describe  two  kinds  of  production. 

characterize  the  ecosystem  in  term*:  Of  the  extent  .to  which 
energy  is  recycled. 

give  the  estimated  efficiency  of  energy  capture  in  photosynthesis 

*nd  estimated  efficiencies  of  energy  transfer  between  trophic  levels. 

explain  the  consequences  of  the  above  efficiencies  as  related  to 
ecosystem  structure. 
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QUTLINE  OF  MODULE 

I.     Introduction  ana  review 

II.    A  brief  overview  of  energy  flow 
A.     The  "black  box1'  approach 
b.     Enc  gy  input  and  output 

C.  Vroduveis 

I.     some  *nergy  is  captured,  some  not 
'  2      uses  of  captured  energy 

D.  Primary  consumers  — how  the>  use  energy 

E.  Secondary  consumers 

HI.     How  the  pocket  mouce  uses  energy 

A.  Some  wasted 

B.  Some  used  to  power  body  processes 
cl     Some  used  for  production 

IV      Energy  flow  in  more  detail 

A.     Solar  energy  strikes  plants 
1.     most  reflected 

2      a  small  amount  stored  in  chemical  bonds 

1.     most  of  t.e  chenucal  compounds  broken  down  by  the  plant 

4.  amount--production--available  to  next  trophic 

level  . 
B      Primary  consumers  eat  plant  production 

1      Some  plant  naterial  not  eaten  or  wasted 

2!     Some  energy  from  plants  used  for  maintenance 

3.  Producti 

C.  efficiency  oi  transfer 

D.  Secondary  r0nsur*rs 

V-     f  "It^r^'related  to  amount  of  energy  transferred  level-to- 

B  s£neprimar>  co-burner- secondary  consumer -etc.  w„ri,n 
C.     Sun-corn- cow-b  ;    and  implications  for  feeding  the  world) 

VI.     "Wasted"  energy  . 

J!     J^lJf^^^h-'cal^nrrgy'ftnaily  used  by  decompose... 

1.  released  as  heat 

2.  some  ecosystems  mostly  decomposers  f  - 

VII.  Conclusion 
A.  Review 

Some  energy  may  be  exported 

C.  ume  energy  »ay  be  imported 

D.  he  city 

E.  Stored  energy 

I.     growth  and  development  of  system 

?.  sediments 

VIT1.     How   lo  materials  s.ove  through  the  ecosystem^ 
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(T)  THE  ECOSYSTEM  II:  ENERGY 

(D  0  0  ©  '0  In  the  first  part  of  this  thre'"part 

presentation  on  the  ecosystem  we  looked  ft  the  trophic  structure  of 
the  ecosystem:    food  chains,  food  or  trophic  webs,  trophic  pyramids . 
0    We  „ked  why  the  pyramid  of  energy  flow  is  alwavs  rightside  up. 
That  is:     ©    Why  does  the  amount  of  energy  decrease  from  level  to 
level  as  it  goes  up  the  trophic  pyramid,  from  trophic  level  to 
trophic  level? 

(9)     To  answer  this  question  we  will  have  to -look  closely  at 
how  energy  gets  into  the  ecosystem;  how  the  energy  is  transferred 
from  one  trophic  .evel  to  the  next;    how  it  is  used;    and  where  the 

energy  finally  ends  up. 

@     In  our  examination  of  energy  flow  we  will  study  the  desert, 
a  strange  and  beautiful  ecosystem.    But  the  basic  principles  of  energy 
flow  apply  no*  only  to  the  desert,  but  W  .11  natural  and  managed  J 
ecosystems . 

To  get  started,  let's  use  an  approach  familiar  to  systems 
analysts  and  engineers,  called  the  "black  box"  approach.  Energy 
flow  between  organisms  and  trophic  levels  is  rather  complicated,  so 
at  first  we  will  nc    -nUder  what  goes  on  inside  the  organisms.  *e 
W111  treat  them  as    '        <  bo****.    We  en  see  what  g  es  in  and  what 
comes  out.  but  what  goes  on  insic*  each  black  box  remains  a  mystery. 
•Once  we  get  the  basics  down,  we  will  look  inside  the  boxes  for  some 
of  the  details. 

(T5)     Energy  enters  the  ecosystem  as  scar  radiation.     It  leaves 
as  heat.     'f       were  to  examme  our  ecosystem  black  box  closely,  we 
would  note  thai   (if  the  system  <s  not  growing  or  exporting  energy)  t»« 
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J 


mount  of  energy  radiated  by  the  ecosystem  as  heat  is  equal  to  the 
input  of  sunlight. 

In  other  words,  a  certain  number  .of  calories  of  energy 
goes  in  as  sunlight,  and  an  equal  number  of  calories  escape  as  heat. 
Because  energy  passes  through  the  ecosystem  and  is  not  reused,  the 
ecosystem  is  said  to  be  an  open  system  with  regard  to  energy. 

Q)  Let's  look  inside  the  ecosystem  black  box  and  imagine 
smaller  boxes  representing  the  populations  of  organisms  at  each 
trophic  level. 

@    At  the  producer  level,  a  large  amount  of  the  incoming  solar 
radiation  is  not  captured  by  the  plants.    It  is  reflected  or  merely 
heats  up  the  vegetation.    Some  of  the  solar  energy  is  used  by  the 
plants  for  photosynthesis  -  to  build  complex  chemical  compounds. 
Most  of  these  compounds  are  broken  down  by  the  plants  themselves, 
and  the  energy  contained  in  them  is  eventually  given  off  as  neat. 
A  small  amount  of  the  compounds  is  stored  in  growth  and  reproduction. 
These  calories  are  available  to  the  next  trophic  ievel  --  the 

primary  consumer  level. 

<g)     The  primary  consumers,  represented  by  a  pocket  mouse  and 
a  grasshopper,  don't  even  touch  a  certain  porportion  of  the  plant 
material.    Of  the  plant  material  that  is  eaten,  some  energy  is  lost 
in  the  consumer's  waste  products.    A  large  amount  of  the  energy  is 
eventually  lost  as  heat.    Some  energy  is  stored  in  the  tissues  of 
the  primary  consumers.    This  stored  energy  is  passed  ot.  to  the  next 
triple  l*vel,     ®     aay.  when  a  rattlesnake  or  hawk  eats  a  mouse. 

At  the  se-ondary  consumer  level  some  of  the  mouse  energy  goes 
to  waste  ...  the  chemical  energy  of  the  bones,  for  instance.    Of  the 
food  energy  consumed  by  the  predators,  some  is  lost  as  body  wastes. 
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*om+  is  radiateo  as  heat,  and  again  only  a  snail  fraction  is  stored. 

@     Let's  take  a  closer  look  at  the  pocket  souse  and  see 
exactly  what  happens  to  the  chemical  food„ energy  he  gets  in  his 
diet  of  seeds. 

@     Some  of  the  chemical  energy  stored  by  the  plants  is  not 
even  eaten  by  the  souse       the  hard  shells  on  certain  seeds ,  for 
exanple.     (2j)     Some  of  tne  chemical  energy  of  the  seeds  is  lost 
t    r.h*  *<nise  in  his  urine  and  droppings.     @     Many  of  the 
nutrients  in  the  seeds  are  broken  down  in  the  process  of  cellular 
respiration,  and  the  ATP  molecules  produced  used  to  move  muscles, 
power  never  impulses,  aove  molecules  through  membranes,  and  repair 
body  structures.    This  energy  was  used  to  maintain  the  souse's 
activities,  so  it  can  be  called  maintenance  energy. 

@     Finally,  a  small  fraction  of  nutrients  are  used  as  raw 
materials  or  energy  sources  for  the  growth  of  mouse  tissues  or  the 
formation  of  baby  mice.    This  energy,  stored  in  growth  or  repro- 
duction, is  called  production  energy. 

@     Thus,  at  each  trophic  level,  energy  which  is  not  wasted 
is  used  for  maintenance  (and  lost  as  heat),  or  stored  in  growth 
and  reproduction. 

By  now  you  should  be  getting  an  idea  whv_  the  amount  of  energy 
moving  through  the  ecosystem  decreases  as  it  goes  up  through  the 
♦rophic  web.  Let's  abandon  our  black  boxes  and  reexamine  the 

systev  This  time  we  will  put  in  some  crude  numbers  so  we  can  look 
at  the  relet iv   a  lounts  of  energy  involved. 

@     To  start  things  rolling,  sunlight  strikes  the  plants. 
Let's  Mart  with  10,000  calories  of  solar  radiation.    Most  of  this 
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cncrgy  bounces  off.     @     A  small  amount,  one  to  five  per  cent  or 
500  calories,  is  used  by  a  plant  in  photosynthesis  to  build  complex 
compounds  such  as  glucose  from  simpler  raw  materials.     @  Most 
of  this  energy,  about  400  calories'  worth,  is  used  by  the  plant 
itself  for  maintenance.    The  chemical  energy  is  used  to  power  cellular 
processes  such  as  membrane  transport  and  cell  division.    These  400 
calories  are  eventually  lost  as  heat. 

Some  of  the  storea  energy  goes  into  production  --  that  is, 
growth  of  the  plant  and  the  production  of  new  plants.    The  energy 
stored  in  production  totals  about  l/10th  of  one  per  cent  to  one  per 
c*nt  of  the  sunlight  which  originally  hit  the  plant,  or  100  calories. 
@     These  100  calories  are  available  to  the  primary  consumer  level. 

As  we  noted,  the  pocket  mouse  does  not  even  eat  some  of  the 
plant  mi:erial  available.     @     Of  the  plant  tissue  ingested  by 
the  mouse,  some  of  the  calorics  are  excreted  in  the  chemical  bonds  of 
materials  m  the  urine  and  feces.    A  total  of  about  one  half  of  the 
available  production  is  either  not  eaten  or  wasted  by  the  primary 
consumers.    Where  does  this  energy  go?    You  might  think  about  where 
it  goes.    We  wiii  return  to  this  topic  later. 

@     Of  the  50  calo    -s  actually  used  by  the  mouse,  most  of  the 
energy  is  used  in  maintenance       muscular  movement  and  so  on.  Now 
we  can  see  why  the  amount  of  available  energy  decreases  as  we  go  up 
the  trophic  pyramid.    At  each  trophic  level,  much  of  the  energy  is 
either  wasted  or  L.ed  by  the  organisms  themselves  Just  to  keep 
^        go  rsV,    (52)     This  leaves  only  a  fraction  of  the  energy  for  the  next 
trophic  *  velt  and  so  on. 

In  the  case  of  ♦he  mouse,  about  10  calories  are  stored  ... 
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10  calories  out  of  the  100  calories  in  food  available  to  the  mouse. 
The  pocket  souse  is  thus  about  10  percent  efficient  at  transferring 
energy  from  the  producer  level  to  the  secondary  consumer  level.  (S^ 
An  ecologist  once  put  it  this  way:    "A  mouse  is  10  per  cent  efficient 
at  turning  cheese  into  cat  food.**    Efficiencies  of  all  trophic  levels 
above  the  producer  level  average  about  10  per  cent,  although  they 
may  run  as  high  as  30  to  40  per  cent,  or  as  low  as  one  per  cent. 
^j>)     In  our  desert  ecosystem,  the  lark,  a  secondary  consumer,  is  *oout 
10  per  cent  efficient  in  turning  grasshoppers  into  hawk  food, 

@     Here  is  the  whole  story  so  far.    At  each  trophic  level, 
some  energy  goes  to  waste;  a  lot  is  used  for  maintenance;  and  some 
is  storrd  as  production.     It  is  easy  to  see  why  many  top  consumers 
are  intelligent,  highly  mobile  predators  ...  they  really  have  to 
scramble  for  the  few  calories  left  rt  the  top  of  the  trophic  pyramid. 
The  loss  of  energy  at  each  /step  also  explains  why  most  food  chains 
are  limited  to  five  or  few^r  links.    There  is  simply  not  enough  energy 
left  for  higher  predators. 

@     Now  we  can  construct  our  trophic  pyramid  of  energy.  In 
doing  so,  let's  look  it  the  efficiencies  of  entire  trophic  levels. 
The  plants  convert  about  one  per  cent  of  the  incoming  solar  radiation 
into  food  for  desert  tortoises,  grasshoppers,  and  mice.    The  plants 
are  about  one  per  cent  efficient  in  trapping  solar. energy .  The 
primary  consumers  are  about  10  per  cent  efficient  in  turning  plant 
material  into  food  for  secondary  consumers ,  and  so  on. 

@     Whai  z*  *  this  means  is:     For  every  10,000  calories  of 
energy  which  fall  on  the  plants  of  the  ecosystem,  about  100  calories 
of  plant  food  arc  available  to  primary  consumers,  such  as  rabbits. 
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Ten  dories  of  primary  consumers  can  be  converted  into  one  calory 
£i  ,.cond.ry  consumers,  such  as  foxes  or  owls.    Or:     ©  10.000 
calories  of  sunshine  sake  100  calories  of  co-n,  which  >.ke  10  cal- 
ories of  cow.    Made  into  hamburgers,  this  makes  one  calory  of  boy. 
@     Note  that  if  the  boy  eats  corn  instead  of  ha.burgers .  ten  cal- 
ories of  boy  can  be  supported  on  the  same  amount  of  corn.    As  the 
vorld  becomes  more  crowed,  many  of  us  may  have  to  become  vegetarians 
x„  order  to  support  -ore  people  on  our  limited  are.  of  farmland. 

@     Now.  what  about  all  that  energy  that  went  to  waste?  The 
energy  of  tough  plant  parts  and  animal  bones  and  waste  products? 
£2)     Is  this  Wasted  energy  just  piling  up? 

No.  it  is  not  accumulating  some  place.    You  have  probably 
figured  this  out  already.    @     Some  of  this  energy  is  temporarily 
side-tracked  to  support  scavengers  such  a.  insect,  and  worms  burrowing 
through  the  soil.     @     (The  early  bird  catches  not  only  the  worm, 
but  some  energy  which  was  nPt  caught  by  other  consumers.)  © 
Eventually,  though.  6.  composers  such  as  fungi  and  bacteria  break 
down  waste  chemicals  to  simpler  compounds  (such  as  carbon  dioxide 
.„d  water),  releasing  the  final  few  stored  calorie,  in  the  process. 
The,  last  bit  of  waste  chemical  energy  is  used  by  the  decomposers  for 
maintenance  and  eventually  given  off  as  heat. 

!       ©     The  decomposer,  use  and  release  much  of  the  energy  which 
flows  through  the  eastern.    In  fact,  in  some  ecosystems,  most  of 
tK  r'«n*  production  goes  directly  to  decomposition.     In  thes^eco- 
sy.tems  the  animal,  familiar  to  us  handle  only  a  tiny  fraction  of  the 

total  energy  flow. 

<Q     Now  the  explanation  of  our  black  box  i,  almost  complete. 
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(4^     Sunlight  fills  on  the  ecosystem.    Some  of  the  solar  energy  is 
stored  in  chemical  bonds.    Some  of  these  chemicals  ire  burned  by 
the  plmt;  some  chemicil  energy  is  tnnsf erred  to  the  next  trophic 
level.    At  etch  trophic  level  some  energy  is  lost  is  hest.    At  eich 
transfer,  some  energy  is  lost.    Decomposers  break  down  wastes  and 
release  the  last  bit  of  energy.    Eventually  nearly  all  the  energy 
is  lost  as  heat. 

Of  course,  an  ecosystem's  energy  books  are  not  always  balanced. 
^     A  bird  which  eats  its  fill  and  then  migrates  out  of  an  ecosystem 
takes  some  energy  with  it.    This  is  one  example  of  energy  export .  @ 
Similarly,  a  leaf  which  floats  downstream  into  an  ecosystem  imports 
energy.    Some  ecosystems  import  or  export  a  great  deal  of  energy. 
Few  ecosystems  are  totally  self-contained,  with  no  import  or  export. 

@     The  human  and  animal  populations  of  a  city,  of  course, 
depend  on  imported  energy.    Little  food  is  grown  in  the  city. 
<H>    ft  get  our  energy  at  the  supermarket. 

@     Often  we  find  th*t  an  ecosystem  is  taking  more  solar 
energy  than  we  can  account  for  in  terms  of  heat  and  export.    In  such 
an  ecosystem,  production  energy  is  accumulating       the  ecosystem 
may  be  growing.    This  is  the  case  when  a  fores:  gradually  invades 
a  meadow.    The  amount  of  energy  stored  in  the  plants  and  animals 
of  the  meadow  gradually  increases.    Eventually,  the  forest  reaches 
maturity,  and  energy  output  equals  input- 

@     Sometimes  extra  production  energy  is  Juried.    Our  fossil 
fuel  reserves  are  composed  of  stored  production  energy  from  eco- 
systems of  the  past.     @     Does  that  make  our  cars  primary  and 
sccordary  consumers? 
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@     All  through  this  presentation  we  have  considered  energy 
transfer  in  terms  of  chemical  structures,  first  formed  in  photosyn- 
thesis, and  then  transferred  from  one  trophic  level  to  the  next. 
Chemical  compounds  such  as  sugars  and  fats  carry  energy,     @  •* 
evidenced  by  the  calories  in  a  chocolate  sundae.     @     But  if  we 
look  at  our  ecosystem  black  box,  we  see  input  and  output  of  energy, 
but  no  net  input  or  output  of  the  chemicals  which  can  carrv  energy. 
These  materials  seem  to  stay  inside  the  box.     @     How  do  chemical 
materials  move  through  the  ecosystem?    What  maintains  the  supplies 
of  materials  used  by  organism?,  and  what  exactly  are  these  materials 
used  for? 

@     These  and  other  questions,  are  the  topics  of  the  third 
part  of  our  presentation  which  considers  the  movement  of  materials 
through  the  ecosystem.     @         1  ^ 
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THE  ECOSYSTEM  III:  MATERIALS 

INTRODUCTION 


Organisms  require  chemical  compounds  as  sources  of  chemical 
energy  and  building  materials.    Many  organisms,  such  as  plants,  a  c 
capable  of  manufacturing  nearly  all  of  the  chemical  compounds  they 
require.    Other  organisms,  such  as  human  beings,  must  get  aanv  conplex 
compounds  from  the  environment.    But  all  organisms  depend  on  large 
pools  of  simple  chemical  compounds  for  raw  materials.    Materials  Are 
constantly  being  changed  from  one  form  to  another  through  the  action 
of  biological  and  physical  processes.    The  amount  of  each  element 
or  compound  is  finite;  each  must  be  recycled.    The  constant  conversion 
and  reconversion  of  materials  as  they  move  through  the  bior.phere 
constitute  material  cycles. 

This  presentation  examines  some  of  the  materials  cyclrs  and  the 
principles  covering  the  movement  of  materials  thresh  the  ecosystem. 
The  following  objectives  summarize  the  important  points  you  shpulc 


master. 


OBJECTIVES 

describe  two  roles  played  by  materials  in  the  ecosystem.  ^ 

 describe  -the  movement  cf  carbon  through  a  typical  ecosystem 

list  and  describe  the  three  major  pools  of  the  carbon  cycle. \  Com- 
pare the  relative  sizes  of  these  pools. 

briefly  describe  three  transfer  processes  of  the  carbon  cycle  and 
which  pools  are  connected  by  these  processes. 

describe  a  major  effect  of  technology  on  the  carbon  cycle,  and  the 
danger  posed  by  this  effect. 

describe  an  ecosystem  in  which  carbon  cycling  is  slow,  and  another 
in  which  carbon  cycling  is  fast.  Give  the  reasons  for  the  differ- 
ence between  these  two  ecosystems. 

explain  in  what  way  a  few  simple  organisms  are  important  to  the 
cycling  of  nitrogen  in  the  biosphere,  and  why  all  other  organisms 
are  dependent  on  them. 

describe  the  major  effect  of  technology  on  the  nitrogen  cycle. 

characterize  the  ecosystem  in  terms  of  the  extent  to  which  materials 
are  recycled. 

compare  the  movement  of  energy  and  materials  through  the  ecosystem, 
explain  the  phrase  "spaceship  earthH. 
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OUTLINE  OF  MODULE  I 
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Q  THE  ECOSYSTEM  III:  MATERIALS 

®  ®  G)    ™f  Present*tion       concerned  with  the^vement 
of  materials  through  the  ecosystem.     (|)    The  first  two  units  in 
this  series  have  discussed  the  trophic  structure  of, the  ecosystem 
and  energy  flow  through  the  system* 

(t)    The  ecosystem  is  an  open  system  with  regard  to  energy.  (?) 

Energy  enters  the  system  as  sunlight 9  is  transferred  from  txophic 

» 

level  to  trophic  level  as  chemical  energy ,  and  finally  leaves  as  heat. 

Energy  is  transferred  between  trophic  levels  as  the  potential 
energy  of  chemical  bonds.     (§)    These  bonds  are  formed  in  photosyn- 
thesis, when  carbon  dioxide  and  water  are  combined  to  form  glucose, 
with  oxygen,  gas  as  a  byproduct.    Other  molecules       such  as  complex 
suga*s,  fats,  and  proteins       are  built  from  glucose  and  other  simple 
molecules.    The  plants  themselves  break  down  some  of  these  organic 
compounds.    Animals  consume  some  by  eating  the  plants  and  each  other, 

(5)    The  compounds  are  broken  down  by  the  plants  and  animals  in 
the  process  or  respiration,  and  the  chemical  energy  is  released. 
CO2  and  water  are  reformed.     (£cj)     Energy  has  been  trapped,  used, 
and  released  as  heat.    But  the  original  CO^  anil  H?0  remain  to  be  used 
again. 

(y)     Let '5  follow  the  movement  of  the  carbon  in  C02  through  a 
typical  ecosystem       the  forest-meadow  ecosystem  of  Yosemitt  Valley, 
California.     @     Trees  and  ether  plants  trap  carbon  dioxide  in 
photosynthesis,  making  sugars  and  other  compounds.  Some  of 

these  molecules  are  "burned  up"  by  the  plants  in  respiration,  returning 
carbon  to  the  atmosphere  as  CO2.     <Q)     Some  of  the  carbon  in  the 
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plants  is  transferred  %o  the  primary  consumer  level       for  instance, 
when  a  squirrel  eats  an  acorn.  The  squirrel  uses  some  of  the 

carbon- containing  compounds  from  the  acorn  in  respiration,  and  CO2  is 
released  to  the  atmosphere.    Some  carbon  is  lost  in  the  squirrel's 
waste  products,  and  some  is  stored  in  the  tissues  of  the  squirrel. 

In  the  squirrel,  we  can  see  the  two  major  functions  of  materials 
in  the  ecosystem:    Chemical  compounds  are  used  as  energy  sources  and 
as  building  materials. 

<J3>     When  a  predator  such  as  the  coyote  eats  the  squiirel,  (Q) 
the  organic  carbon  of  the  squirrel  is  used  in  respiration  (and  lost 
as  C02),  lost  in  waste  products,  or  stored  in  the  body  tissues  of 
the  coyote.  ^" 

@     When  the  plants  and  animals  excrete  wastes  or  die,  bacteria 
and  fungi  use  the  material  for  energy  and  building  materials.  They 
break  down  the  remaining  carbon* containing  compounds  and  return  th£ 
carbon  to  the  atmosphere  as  CO2.    Through  the  action  of  the  decompo-  ^ 
sers,  materials  are  recycled.    Without  them,  the  ecosystem  would 
soon  run  out  of  materials.    Thus,  unlike  energy,  materials  are 
reused  in  the  e cosy a w em.    The  amounts  of  available  materials  are 
limited,  and  the  compounds  are  used  over  and  over.    With  regard  to 
materials,  the  ecosystem  is  a  closed  system. 

@     To  simplify  our  study  of  the  cycling  of  carbon,  we  can 
lump  the  carbon  into  pools       various  places  or  fbrms  in  which 
carbon  is  found.    One  pool  is  the  atmosphere,  where  carbon  exists 
as  carbon  dioxide  gas.    This  is  called  the  atmospheric  pool  in  the 
diagram.    *Me  organisms  make  up  another  pool,  where  carbon  is  con- 
tained in  organic  molecules.    This  pool  is  called  the  biotic  pool* 
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@     Carbon  moves  from  the  at*aspheric  pool  to  the  biotic 
pool  in  photosynthesis.   @     It  ts  transferred  from  the  biotic 
pool  back  to  the  atmospheric  pool  when  C02  is  released  as  a  product 
of  respiration.     <Q> .   Photosynthesis  and  respiration  are  the 
transfer  processes  by  which  carbon  moves  from  one  pool  to  another 
@     The  movement  of  carbon  between  pools  is  called  the  carbon  cycle 
because  the  movement  of  carbon  is  cyclic.  -< 

@     Of  course,  the  CO^  given  off  in  respiration  in  the. forest  % 
is  not  entirely  recycled  by  the* trees  of  the  forest.    In  the  aij 
ab>ve  thr  forest,  th#  C02  it  mixed  with  C02  from  other  ecosystems. 
@     The  materials  cycles  of  very  few  ecosystems  are  entirely  closed 
or  isolated,  lik«  th«  cycles  in  a  sealed,  "balanced1  aquarium."  The. 
cycles  of  various  ecosystems  interconnect.     @    A  crab  on  the  ocean  % 
shore  may  respire  C02  *hich  18  used  b*  *  tree  in  the  ■ount*in  fore»t- 
@     You  may  "«at  A  hamburger  which  contains  carbon  from  an  Iowa 
corn  field. 

@     Another  carbon  pool  should  be  added  to  our  diagram.  There 
is  a  trenendous  quantity  of  carbon  which  lies  buried  in  the  form  of 
coal,  oil,  and  carbonate  rocks.    This  carbon  was  stored  \nr the  bodies 
and  shel  s  of  organisms  which  lived  millions  of  years  ago.  This 
carbon  t  -apped  :  n  ancient  sediments  makes  up  the  sedimentary  poo U 

@     Here  are  the  sizes  of  the  pools  in  billions  of  metric 
tens.    (The  diagram;  omits  the  carbon  dissolved  in  seawater  and  stored 
ir  mariri*  organisms.) 

@     Under  "natural"  conditions,  transfer  of  carbon  between  the 
sediment  iry  poo    and  the  other  pools  would  be  rather  slow,     @  but 
mcdern  h  mans  hive  found  it  necessary  (or  at  least  desirable)  to 
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use  the  energy  end  Materials  contained  in  these  ancient  sediments 
tc  support  technological  civilization.    One  environmentalist  put  it 
this  way:    "Industry  is  subsidized  by  fossilized  dinosaur  dung." 
*t  are  using  up  fossil  fuels  much*  much  faster  than  they  could  ever 
be  replaced.    We  call  it  the  "Energy  Crisis."  x 

@    In  addition,  carbon  dioxide  (and  other  pollutants)  are  re- 
leased in  large  quantities  when  fossil  fuels  are  burned  to  run  machines. 
We  have  thus  greatly  increased  the  rate  of  transfer  from  the  sediment* 
ary  pool  (the  largest  pool)  to  the  atmospheric  pool  (the  smallest). 
This  results  in  a  0.7  parts  per  million  yearly  increase  in  the  amount 
of  CO2  in  the  atmosphere;  which  is  considerable  since  the  amount  of 
CO2  in  the  air  is  only  a  few  hundred  parts  per  million. 

Carbon  dioxide  in  the  atmosphere  traps  solar  radiation, 
keeping  the  earth  warm       the  so-called  "greenhouse  eftect."  Some 
scientists  believe  that  an  increase  in  the  amount  of  CO2  in  the  atmos- 
phere may  cause  an  increase  in  temperature  at  the  surface  of  the  fi 
earth. 

The  experts  concur  on  the  possibility  of  a  temperature  increase. 
They  disagree  as  tc  what  would  happen  next.     @     If  the  earth  be- 
comes just  a  few  degrees  warmer,  the  polar  ice  caps  could  melt, 
raising  the  level  of  the  oceans  several  hundred  feet  and  flooding 
coastal  regions.    Or  an  increase  in  temperature  could  increase  the 
evaporation  of  water  from  the  oceans,  increasing  precipitatir    --  » 
especially  snow  in  the  polar  regions.     @     This  could  cause  the 
polar  caps  to  enalrge,  bringing  on  an  ice  age.      This  reminds  me 
of  a  poem  by  Robert  Frost,  entitled  "Fire  and  Ice". 

Some  say  the  world  will  end  in  fire, 
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Some  say  in  ice. 

From  whet  I've  tested  of  desire 

I  hold  with  thost  *ho  favor  fire. 

But  if  I  had  to  perish  twice, 

I  think  Pv know  enough  of  hate 

To  say  tha\  for  destruction  ice 

Is  also  great 

And  would  suffice. 
@     In  any  case,  the  process  would  take  hundreds  of  years, 
and  it  may  not  happen  at  all.    Soae  scientists  believe  that  the 
amount  of  smoke  and  dust  produced  by  civilisation  aay  block  out 
enough  sunligKt  to  neutralise  the  effects  of  the  increase  in  carbon 
dioxide. 

One  more  point  concerning  the  carbon  cycle:    The  rates  of  trans 
fer  between  pools  may  vary  from  one  kind  of  ecosystem  to  another. 
@     Photosynthesis  fixes  carbon  at  a  rapid  rate  in  the  sunny,  warm, 
moist  climate  of  the  tropics.    In  a  tropical  rain  forest,  carbon  may 
be  taken  :.n  by  the  plant*  at  a  rate  of  4.5  kilograms  of  organic 
material  per  square  meter  of  forest  per  year.    An  equal  amount  of 
organic  material  is  broken  down  and  recycled,  mainly  by  the  de- 
composers     ©     In  the  tropical  forest,  no  dead  organic  material 
is  lllowed  to  lie  around  for  long.    An  abundance  of  insects  and 
small  soi:.  organisms  gobble  up  every  leaf  and  dead  ant  as  soon  as 
the/  fall     Decomposition  is  rapid  in  the  warm  climate.  Materials 
are  recyc  ed  sc  rapidly  that  the  forest  floor  is  relatively  bar* 
of  debris 

@  JJy  contrast,  in  a  typical  fir  forest,  only  1.0  kilogram  of 
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organic  material  per  square  meter  of  forest  may  be  prod    ed  each 
year,  less  than  one-fourth  the  production  of  the  tropicel  forest. 
About  1.0  kilogram  of  organic  material  is  broken  down  every  year. 
<Q)     However,  a  thick  layer  of  humus  covers  the  forest  floor,  and 
a  fallen  fir  needle  may'  last  for  several  years  before  its  carbon  is 
recycled*    Cycling  of  materials  is  slow  in  the  fir  forest,  as  compared 
to  the  tropical  rain  forest.  / 

@     Organisms  require  30  to  40  other  chemical  elements  besides 

i 

carbon.    Some  of  them,  like  copper  or  cobalt,  are  needed  in  only 
tiny  amounts,  as  cofactors  of  certain  enzymes.    Others,  such  as 
oxygen  and  phosphorous,  make  up  large  proportions  of  organisms  and 
the  abiotic  environment  and  are  recycled  on  a  large  scale. 

@     Nitrogen  is  an  important  constituent  of  proteins.    This  ^ 
is  a  diagram  of  the  nitrogen  cycle,  one  of  the  more  complex  material 
cycles.    You  need  not  memorize  the  diagram.    It  is  presented  merely 
to  illustrate  a  cycle  a  bit  more  complicated  than  the  carbon  cycle. 
Pools  of  nitrogen  are  indicated  by  the  circles;  the  transfer  processes 
ar     hown  along  the  arrows  between  the  ~~~ols. 

(Q}     T"e  atmospheric  pool  of  nitru  jn,  in  the  form  of  N2  gas, 
is  huge       making  up  about  801  of  the  mass  of  the  earth's  atmosphere. 
@     However,  only  a  few  kinds  of  microorganisms  are  able  to  use  N2 
gas  directly,  through  the  process  of  biological  nitrogen  fixation. 
Other  organisms  are  obliged  to  get  their  nitrogen  in  a  roundabout 
way  from  the  nitrogen  fixers. 

@     The  abundance  of  nitrogen  fixers,  like  this  blue-green 
alga,  is  quite  small  compared  to  the  total  mass  of  a  typical  eco- 
system, but  these  organisms  are  absolutely  essential  to  the  cycling 
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of  nitrogen.    A  molybdenum  ion  is  part  of  one  of  the  enzymes  wT  ich 
fix  nitrogen.    Thus  the  nvement  of  nitrogen       essential  to  pioteins 
and  life       is  linked  to  the  presence  of  this  rare  substance.  Many 
materials  cycles  are  interlinked  in  this  way. 

@    Human  technology  greatly  affects  the  nitrogen  cycle.  In- 
dustrial fixation  of  nitrogen       making  fertilizer  from  the  nitrogen 
in  the  air  --  may  exceed  10  per  cent  of  the  ni:*ogen  fixed  naturally 
in  land  ecosystems.     @    The  considerable  input  of  nitrogen  fer- 
tilizer into  farm  ecosystems  has  greatly  increased  world  food  produc- 
tion.    Jf  all  the -nitrogen  put  into  the  soil  were  taken  up  by  the 
crops,  problems  would  be  minimal.     @     But  some  of  the  nitrogen 
is  washed  from  the  field  into  rivers  And  lakes.  Richly-fertilized 
bodies  of  water  often  fall  victim  to  "blooms"  or  population 
explosions  of  algae.    When  these  tiny  plants  die,  their  decomposition 
rapidly  depletes  the  oxygen  in  the  water,  eliminating  fish  and  other 
oxygen -dependent  organisms.    The  lake  or  river  "dies."    The  near- 
fatal  pollution  of  Lake  Erie  is  probably  the  most  familiar  example. 

©     Other  major  materials  cycles  involve  the  movement  of 
sulfur,  water,  phosphorus,  and  so  on.    Perhaps  a  good  way  to  determine 
whether  you  understand  materials  cycles  is  to  see  whether  you  can 
figure  out  a  cycle.     @     If  you  know  anything  about  photosynthesis 
and  respiration,  you  should  be  able  to  outline  the  oxygen  cycle  of 
a  typical  ecosystem.     In  a  moment,  stop  the  tape  and  sketch  the 
oxygen  cycle.    Include  major  pools  and  transfer  processes.  The 
answer  is  on  the  next  slide.    O.K.,  stop  the  tape. 

@     Here  is  a  simplified  diagram  of  the  oxygen  cycle.    Is  your 
sketch  similar  to  this  diagram? 
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This  nearly  completes  our  consideration  of  the  movement  of 

materials  through  the  ecosystem.     ©     In  re  lir  a  typical 

material  cycle,  the  Material  exists  in  seveisl  differert  forms 

These  accumulations  are  called  pools.    The  processes  which  convert 

the  material  from  one  form  to  another,  transferring  it  from  one  pool 

to  another,  are  called  transfer  processes.     (Q)     Much  of  a  cycle 

may  be  unseen,  carried  out  by  microorganisms  such  as  decomposers  and 

nitrogen- fixing  bacteria.     @     Energy  movement  through  the  eco- 

« 

system  is  one-way.  Input  of  sunlight  is  equalled  by  output  of 
heat.  Energy  is  not  reused.  @  In  contrast,  mater- als  arc 
reused  ...  recycled  over  and  over. 

@     In  a  way,  the  earth  is  like  a  huge  spaceship  with  at 
unlimited  supply  of  solar  energy,  but  finite  material  resources  which 
must  not  be  wasted  and  must  be  used  again  and  again.    In  the  future, 
we  must  prevent  nitrogen  from  accumulating  in  our  lakes  and  rivers. 
He  have  to  make  sure  that  the  phosphates  we  mine  and  use  in  fer- 
tilizers and  detergents  do  not  end  up  in  the  water,  or  lost  at  the 
bottom  of  the  ocean.     @     Our  limited  supplies  of  metals  will  have 
to  be  recycled,  rather  than  scattered  uselessly  across  the  landscape. 
Pollution  consists  of  dead-end,  unbalanced  cycles.     ©    Those  of 
us  with  the  foresight  to  do  so  should  take  care  that  our  supplies 
of  materials  continue  to  be  recycled  smoothly,  so/that  the  living 
passengers  of  "Spaceship  Earth"  may  continue  their  journey.  © 
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MOD  208    Teaching  Strategies:  Questioning 

Because  questioning  pl^ys  such  an  important  role  in  the  classroon 
atmosphere  and  the  instructional  process,  especially  in  s< ience, 
this  MOD  is  designed  to  help  you  organize  your  thinking  r<  gardin  ; 
the  use  of  questioning  in  the  classroom.     It  is  anticipated  that 
you  will  continue  to  refine  your  skills  in  the  use  of  questioning 
throughout  the  remainder  of  your  preparation  program. 

OBJECTIVES: 

At  the  end  qf  this  MOD  you  should  be  able  to:  V 

1.  State  reasons  for  using  questions. 

2.  Classify  questions  as  to  cognitive,  affective,  or  psychDmotor 
doffiu  i.ns . 

3.  Give  examples  of  questibns  for  at  least  four  levels  of  thinking 
in  the  cognitive  domain  of  Bloom's  taxonomy. 

A.    Discuss  appropriate  wait-time  f?r  different  ques  ions. 

5.  Discuss  appropriate  alternative  ways  for  handlin  ;  incorrect  acid 
partially-correct  responses  for  questions. 

6.  Write  or  state  examples  of  convergent  and  divergent  questions. 

7.  Identify  and/or  construct  questions  requiring  th .»  use  of  a 
specific  scientific  process,  i.e.  hypothesizing,  observing, 
formulating  operational  definitions,  etc. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Car in,  Arthur  A.  and  Sund,  Robert  B. ,  Developing  Questioning 
Techniques,  in  Resource  Center 

2.  Video  playback  equipment  or  film  projector 

3.  Films  or  videocassettes  of  classrooms  from  SME  Resource  Center 
PROCEDURES: 

1.  Rer.-  pp.   1-51  in  Developing  Questioning  Techniques  and  discus 
with  your  partner. 

2.  Complete  questions  1-21  on  pp.  17-19. 

3.  View  a  portion  of  a^film  or  cassette  of  a  classroom  frcm  the 

SME  Resource  Center  and  select  two  questions  use!  by  tYe  teacher, 
be  prepared  to  discuss  the  classification  and  ap  )ropri£ tenes$  of 
the  questions. 

FINAL  ASSESSMENT 

1.  Bring  responses  to  questions  1-21  to  the  evaluation  session  and 
be  prepared  to  discuss  them. 

2.  Bring  the  film  or  cassette  which  you  selected  in  Procedure  3  and 
present  it. 

3.  See  objectives. 
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MOD  209    Relative  Position  and  Motion  (SCIS) 
Using  apace  relationships 

OBJECTIVES: 

1.  Given  en  ertlflclel  observer,  "Mr.  0,"  you  will  be  eble  to  describe 
the  position  or  nation  of  s  selected  object  In  the  rooa  reletl\e  to 
Mr.  0. 

2.  Ton  will  be  eble  to  describe  orally  the  location  o  Mr.  0.  to  t 
person  unfealliar  with  that  location. 

3.  Given  the  activities  of  this  MOD.  you  will  be  able  to  epp ±y  th« 
following  terns:  reference  object,  relet lve  position,  relative 
notion. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SCIS.  Relative  Position  and  Motion,  Teacher's  Guide 

2.  SCIS,  Fun  Bouse.  HSSoop  f  528-9Q195-8 

3.  8  am  filaloop  projector 

4.  "Mr.  0"  figure 

FINAL  ASSESSMENT: 

1.  When  the  Instructor  places  Mr.  0  In  a  peculiar  position,  describe 
either  the  position  of  an  object  or  the  noveaent  of  thet  object 
relative  to  Mr.  0. 

2.  Have  the  fila  loop  ready  to  operete  to  help  your  discussion  of 
answers  on  the  attached  sheets.  £ 
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PROCEDURE: 

1.  Read  the  following  ate t long  in  SC1S,  Relative  Position  and  Motion, 
Teacher' ■  Guide: 

e.    Relative  Position,  pp.  22-25 

b.  Using  Reference  Ob J acta,  pp.  30-31 

c.  "Inventing"  Mr.  0,  pp.  38-43 

d.  Relative  Motion,  pp.  48-50 

e.  "Inventing"  Relative  Motion,  pp.  52-56 

2.  Perform  these  activities: 

A.  Have  your  partner  hold  the  Mr.  0  figure  in  varioua  posi:ions  and  trj  to 
describe  how  your  partner  sees  Mr.  0.   Use  descriptive  :erma»  euch  at  In 
front  of,  in  back  of,  above,  below,  far,  near,  to  hla  right,  or  to  lis 
left.    Then  describe  how  Mr.  0  "sees"  you. 

B.  Take  Mr.  0  and  move  him  In  any  way  you  desire.    Discuss  with  your  pirtner 
how  Mr.  0  reports  your  change  in  position  relative  to  him. 

C.  Have  a  third  person  select  s  remote  hiding  place  for  Mr.  0  and  plac«  him 
in  it.    Have  thla  done  in  your  presence,  but  no*,  in  the  presence  of  your 
partner.    Then  verbally,  without  pointing  cr  gesturing,  try  to  describe 
Mr.  O's  hiding  place  accurately  enough  so  that  your  partner  can  find  Mr.  0 
using  only  your  verbal  directions.    When  you  have  stated  the  complete 
directiona  see  if  your  partner  can  find  Mr.  0.    Do  not  follow  or  give 
additional  help  along  the  way.    This  game  is  analogous  to  someone  (your 
partner)  stopping  his  car  to  ask  you  how  to  get  to  a  particular  location 
(Mr.  0*a  hiding  place).    Ordinarily  you  do  not  hop  in  the  car  to  direct 
the  way.    You  try  to  deacrlbe  as  well  aa  you  can  from  the  uninformed 
stranger's  point  of  view  how  to  find  the  location. 

3.  Review  the  SCIS  Fun  House  fllmloop  several  times. 

NOTE:    When  using  the  Super-8  fllmloop  projector,  you  can  stop  the-,  film  any- 
where in  the  loop  by  pushing  the  sliver  button  on  top  of  the  pro.  ector. 
You  can  injure  the  film  if  you  stop  the  loop  for  too  long  a  peri  d  of 
time. 


Select  the  best  answer  to  each  queation  abouttheiijm.    Be  ready  to  describe 
vour  evidence.    You  should  focus  your  attention  oh-ehanges  in  relative 
position  of  the  entire  object  or  person.    For  example,  do  not  be  overly 
concerned  with  small  parts  of  the  object  euch  as  the  girl's  feet  in  scene  12 
or  the  girl's  hands  in  scene  15.    Select  one  of  these  answers:   no^  a  little, 


a  lot. 
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1.  /m  the  children  moving  relative  to  the  elide?  . 

2.  /re  th«  children  waving  relative  to  the  camera? 
Scene  6 

3.  Ia  the  peper  vying  relative  to  Andy?  


4.   Ia  the  paper  Moving  relative  to  the  elide? 


5.  In  the  paper  moving  relative  to  the  camera?  _ 

Scene  7 

6.  Draw  a  simple  akatch  designating  the  path  that  the  ball  make,  relative  to 
the  elide  aa  the  children  pass  the  hall  back  and  forth. 


Scene  9 

7.  Ia  th-  barrel  moving  relative  to  the  children?  _  

8.  Ie  the  barrel  moving  relative  to  the  camera?   

Scene  10 

9.  Ia  the  camera  moving  relative  to  the  barrel?  

10.  Ia  the  camera  moving  relative  to  the  children?  —  

11.  Ia  the  camera  moving  relative  to  the  Mr.  0  located  inalde  the  barrel? 
Scene  12 

12.  Ia  the  girl  moving  relative  to  the  camera?  — 

13.  u  the  girIV>ving  relative  to  the  barrel? 

-i 


14.  ta  the  girl  u^jving  relative  to  Mr.  0  located  inaide  the  barrel?  . 

15.  ta  the  girl  noving  relative  to  Mr.  0  located  outeide  the  barrel? 
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16.    lescrlte  the  'lotion  of  the  child  in  the  wagon  at  seen  by  Mr.  0  on  the 
licket  fence. 


Scene  15 

17.    1  escribe  the  notion  of  the  wagon  relative  to  the  canera. 


Sc  he  17 

18.    Observe  and  draw  the  path  that  the  children  take  relative  to  the  striped 
wheel. 


When  'ou  ha/e  finished  using  the  film  be  sure  to  return  the  loop  to  the 
begin  ling  of  the  sequence  so  the  title  reappears. 


\ 
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MOD  21C  Had/  of  Soil 

Haeeurlag,  laterpretlng  data 

i 

OUKTriS: 

1.  Given  two  different  esaplee  of  soil,  yc-  will  be  able to  oeparate 
tha  noil  eenplss  Into  seven  different  grain  olxee  ae  follows: 

a.  Larfer  then  4  an. 

b.  4  en.  to  -2.3  sb. 

c.  1.3  an.  to  1.2  en. 

d.  1.2  sa.  to  0.6  en. 

e.  0.6  an.  to  0.2S  aa. 

f .  3.25  an.  to  0.044  an. 

g.  seedier  than  0.044  an. 

2.  After  separating  the  eoll  eeapla  into  various  particle  sise  lote,  you 
will  determine,  on  tha  bee Is  of  weight,  whet  percentage  of  the  total 
soil  saaple  consists  of  the  following: 

e.   wary  coarse  send  -  larger  then  1.2  an. 

b.  coaxes  eand  -  1.2  ae.  to  0.£  aa. 

c.  eadluai  eend  -  0.6  ah.  to  0.2S  aa. 

d.  fine  eand  -  0.25  an   'o  0.044  an. 

e.  silt  sad  day  -  anal  jx  than  0.044  aa. 

3.  Froa  theSable  given  on  page  3  of  tola  .MOD,  you  will  deteraine  the  eoil 
cleee  for  one  of  the  soil  saaplas  provided. 

4.  After  separating  the  eoil  eeapla  into  ite  Tarioua  coejponente ,  you  will 
exealaettder the  aicroecope  grai&a  eaaller  than  0.044  aa.  and  you  will 
reccrd  your  obeervetions.  ... 

5.  after  eeperating  the  eoil  eeapla  into  ite  verioue  conponents,  you  will 
add  a  eaall  eaoont  of  water  to  the  grains  saaller  than  0.044  aa. 
After  edding  enough  water  to  aoleten  the  seaple,  you  will  be  able  to 
describe  ite  texture  end  edheal\e  cherecterietlce. 

gTDWnCDCTXOMAL  BXTBSBfCSS  6  MATERIALS: 

1.  Slave  set  for  eeperating  e  eoil  eeapla  into  various  percicle  sizes 

2.  Two  eoil'ssaples  which  have  been  heated  to  reaove  all  organic 
eater ial  vend  water 

3.  Belencee,  aicroecopee,  aaesuree 


FDUL  ASSISSMBR: 

S«*  objectives  above. 
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FftOCDOd: 
General  Inforietlon 

Soils  at  Man  In  nature  are  made  up  of  three  main  consonants.    These  are  the 
aaaernl  cent* it,  the  organic  content,  snd  the  weter  content.    For  the  purposes 
of  this  activity,  the  soil  staples  have  been  heated  to  high  temperatures  In 
order  to  ran nre  the  organic  and  vater  components.    When  the  soil  is  heated, 
the  water  Is  evaporeted  snd  the  organic  content  Is  reduced  to  its  bsslc  "Jl«cular 
coaponente  such  as  carbon,  nitrogen,  hydrogen,  oxygen,  phoaphorua,  etc.  These 
■ntocttlat  component*  srs  either  evaporated  or  are  too  small  In  psrtlcle  else 
to  bo  noted  In  the  soil  ssmple. 

After  the  soil  sample  Is  heated,  the  only  component  that  remalna  la  the  mineral 
content.    This  component,  on  the  basis  of  particle  sire,  can  be  characterised 
as  constating  of  sand  particles,  silt  psrtlcles,  and  clay  particles.  By 
International  standards,  sand  constitutes  the  coarse  psrtlcles  larger  than 
0.02  am.,  snd  they  very  In  sine  from  very  samll  to  varlour  larger  •!«•••  *»« 
partlcltt  larger  than  2  am.  are  usually  considered  stones.     Sand  particles 
um«all>  come  from  granite,  llaescons,  sandstone,  snd  shale.    Th#»e  represent 
rockn  f  -aca  »t  the  earth's  surface  and  are  considered  as  perent  asterlals 
cosr-ltlng  tbe  earth's  crust.    Sand  psrtlcles  originate  through  a  weathering 
pre  «a>  of  the  earth's  crust  which  results  In  the  formation  of  various  sired 
rotae,  stones,  snd  sand.    The  weathering  of  these  In  turn  results  In  the 
foxaatlon  of  s  variety  of  aoll  sand  psrtlcles  made  up  of  quarts,  feldapar, 
■lea,  hornblende, garnet,  etc.    Quart*  particles  predominate  In  sandy  soils. 

SUt  psrtlcles  era  generally  considered  to  have  a  else  range  of  0.02  am.  to 
0.002  an.    These  srs  usually  lrrsgulsrly  fragmented  partlclea  of  sand  In  which 
averts  is  the  dominant  material.    If  one  examines  silt  particles  under  the 
microscope  one  Sees  thst  these  Irregularly  ahaped  particles  srs  usually  coated 
with  finer  grains  which  sre  cley  pertic:    .    One  might  define  silt  P»»««*«L 
aa  fragments  of  sand  psrtlcles  that  have  not  been  weathered  or  polished  snoot n. 
gilt  psrtides  when  further  eroded  or  broken  down  to  smallsr  psrtlcles  would 
result  In  clity  psrtlcles. 

Cley  ai  rticLie  sre  .inaller  than  0.002  mm.  They  are  usually  iica-shaped  and  when 
•slat  ire  hl'bly  plastic  snd  cohesive.    "Mica-shaped"  means  that  they  have  a 
layer*  cone  uuetion.    If  cley  particles  are  wet  with  water  they  tend  to  swell 
because  layers  of  water  molecules  penetrste  between  the  layere  of  mineral, 
for  thra  rea ion,  they  are  referred  to  as  plastic.   Most  clay  psrtlcles  exhibit 
a  conerilveneis  because  they  are  charged  with  positive  or  negative  charges  snd 
therefore  an  usually  covered  with  other  charged  mineral  elements  such  aa 
calclui,  iroi,  potassium,  snd  sodium  ions.    Hence,  the  cley  psrtlcles  are  very 
laportint  for  certain  toil  characteristics  such  as  water-holding  capscity 
and  re  .entioi  of  m^rlent  lone.   Although  many  clay  particles  sre  composed  of 
quarts  which  1-  puxe  silicon  dioxide,  many  of  the  quarts  fragments  have  been 
chaaicilly  mrtlflec.    Ksolinlte,  Ullts,  and  montmorillonlte  ere  common 
exsaplts  of  slay  pcrtlcles  that  .contain  sllicstes  of  aluminum,  sodium,  iron, 
aagnas.on,  a ad  potassium.   For  Instance,  red  soils  have  a  large  preceutege  of 
cley  pirtlclis  mad*  up  of  iron  slllcste. 
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Soils  ara  charactarlsad  by  tha  parcantagea  of  •and,  silt,  and  clay  part  idea 
that  thay  contain.   Tha  following  table  can  ba  uaed  to  dataralna  thi  claia 
of  soil: 

Claaa  of  Soil 
Sandy  Loan         Loan  Cla? 

A.  Sand  (Including  all  '    70X  40%  23] 
particle*  larger  than 

0.0*4  an) 

B.  Slit  and  Clay  (Including  30X  60X  /7J 
all  partlclaa  aaallar  than 

0.044  as) 

(Wots:    Por  this  activity,  because  of  the  equipaent,  It  will  be  ueceeaar;  to 
consider  0.044  as.  tether  then  0.02  aa.  ee  the  dlvlelon  point  between  seiud 
end  ellt  end  clay.)  c 

Pros  the  above  table  determine  to  which  cleee  of  aoll  one  of  the  etaplee  belonge 
Por  ejuaple,  If  the  eend  content  le  sore  then  70Z»  the  eeaple  would  belong  to 
the  send  loss  cleee .    If  the  eend  content  ie  at  leeat  40%  kat  leaa  than  70*,  the 
eeeple  would  belong  to  the  loaa  cleee.. 

Instructions 

1.  Heigh  e  250  al.  graduated  cylinder  on  the  gran  balance  provided  In  the 
laboratory.  v  V 

2.  Fill  the  graduated  cylinder  to  the  125  al.  aark  with  a  eoll  eeaple  end 
>  deteralne  the  weight  of  the  eoll  by  aubtr acting  the  weight  of  the  cylinder 

froa  the  weight  of.  the  cylinder  end  the  toll. 

3.  Obkdln  the  eleve  eet  provided  In  the  HOD  trey.    Note  that  the  alevee  are 
mrked  froa  1  to  5  (aeeh  5  to  60)  end  have  e  cover  end  bottoa  applied  to  the 
top  end  bottoa  alevea  reapectlvely.    Pour  the  eoll  eeaple  Into  the  top  siev.  j 
(aeeh  3)  end  with  the  five  elevce  aaaeabled  ahake  the  aaaaably  until  no  tto 

of  the  eoll  cootente  ere  felling  froa  one  sieve  to  another.  This  can  be  — 
checked  by  periodically  reaoving  the  alevea  froa  each  other  end  by  shaking  a 
eleve  over  a  piece  of  peper.  If  aore  aoll  la  tailing  through,  continue  with 
the  eheklng  process.    Be  patient  and  shake  thoroughly  until  the  process  is  done. 

4.  After  asperating  the  eoll  eeaple  Into  different-sited  cqpponente  with  the 
alevea  asrksd  5  to  60  aeeh,  pour  the  cootente  of  the  loweat  eleve  (60  aeeh)1 
Into  one  additional  eleve  aerked  #6  (325  aeeh).    This  sieve  will  allow  all 
ellt  end  clay  partlclaa  to  paee  through  hut  will  hold  back  the  fine  s*nd. 

3.   Tou  now  have  divided  the  original  aoll  eeaple  Into  seven  else  groups*  Pour 
each  senile  on  a  piece  of  peper  and  aeeeure  the  weight  In  greae.  Determine 
the  percent sge  each  component  cosprleee,  relative  to  the  totel  weight  of  the 
eeaple. 
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6.  B  '  tddlig  up  ell  tht  sand  ttapltt  (ptrcMUgu)  and  dtttnlnlag  tht 
parct  itagt  ronttnt  of  tht  tilt  tod  clay  **mpU9  dtttrmlnt  tht  class  of  soil 
(or  an  of  ±o  eve  ttapltt  of  soil. 

7.  Fill  In  tht  cktrt  btlov  with  tht  dttt  you  htvt  obttlntd. 
Staple  uttd  *  : 

Utl|hc  of  125  ml  of  toll  | 

a  Wtlght  (g)  X  of  TotU 

~  I  ... 


A.  ltrgtr  than  4  an 

B.  4  m  to  2.3  «n 

C.  2.3  mm  to  1.2  « 

D.  1 ,2  an.  to  0.6  nm 
E  0.6  m  to  0.25  mm 
F.  0.45  «■  to  0.044  m 
6.  .Mllw  than  0.044  ■ 
Typ*  of  Soil  


V   _  |t 
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MOD  211    Preparation  for  Teaching  Science  to  Children 


PREREQUISITES:    MOD  208 


This  MOD  is  designed  to  allow  you  to  utilize  processes,  concepts, 
objectives,  and  questioning  techniques  you  have  developed  in  your 
MODs  in  preparing  a  two-period  lesson  for  children. • 

OBJECTIVES: 

At  the  completion  of  this  MOD  you  and  your  partner  should  present 
a  completed,  neat,  two-period  plan  for  a  MOD  for  elementary 
children  at  the  level   (primary  or  intermediate)  that  you  wish  to 
teach.    The  plan  should  include: 

Title  Materials  and  equipment 

Processes  and/or  concepts  Outline  of  procedures 

Grade  level  Key  questions 

Overview  Assignment  (if  any) 

Objectives  Final  assessment 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Materials  and  equipment  in  SME  Resource  Center 

2.  References,  including  elementary  texts,  in  SME  Resource  Center 

3.  SAPA,  Commentary  for  Teachers,  pp.  19-24  in  newer  edition  and 
pp.  21-26  in  older  edition 

4.  Carin,  Authur  A.  and  Sund,  Robert  B.,  Developing  Questioning 
Techniques 

PROCEDURES : 


1.  Prepare  a  rough  draft  of  a  plan  for  8-10  students  utilizing 
what  you  have  learned  in  your  ISMEP  MODs  at  the  level  you  wish 
to  teach  (check  with  instructor  for  the  specific  grade). 

2.  Discuss-  plan  with  an  instructor' incorporating  any  changes 
agreed  upon, 

3.  Prepare  a  final  copy  .of  your  plan  in  neat  form,  preferably  typed. 

4.  Assemble  the  materials  needed  to  teach  the  MOD  to  8-10  elementary 
children. 

5l    Schedule  a  session  with  an  instructor  to  review  the  final  plan. 
6.    Prepare  ^  copy  of  the  plan  to  submit  to  the  classroom  teacher. 

FINAL  ASSESSMENT:   

1.  Assemble  materials  and  a  good  copy  of  your  plan. 

2.  Be  prepared  to  defend  your  objectives,  questions,  assignment* 
and  assessment  plan. 

3.  Present  a  copy  of  your  plan,  with  h     *  uts  where  appropriate, 
for  the  teacher  in  wlose  classroom  „      will  teach  the  lesson. 
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40D  1M    Fw.rgy  Soirees  (SCIS) 
Controlling  variables 

PRtRBUISITi::  Read  SCIS,  Energy  Sources,  Teacher's  Guide,  pp.  22-24  to 
rev lev  the  concepts  of  (1)  objects  and  their  properties, 
(2)  Interaction,  (3)  system,  (4)  subsystem. 

OBJECTIVES: 

1.  Given  the  apparatus  In  the  MOD  tray  and  sufficient  time  to  experiment, 
you  will  be  able  to  shoot  a  rubber  stopper  ov    of  a  syringe 
accurately  enough  to  hit  a  2-foot  diameter  circle  fifteen  feet  away 
at  a  minimum  score  of  7  out  of  10  hits. 

2.  You  will  he  able  to  identify  the  important  variables  that  influence 
the  flight  distance  of  a  stopper  shot  from  a  syringe. 

3.  You  will  answer  the  questions  on  the  attached  sheets  as  related  to 
the  exercises.  * 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SCIS,  Energy  Sources.  Teacher's  Guide,  pp.  22-25 

2.  "Stopper-popper,"  tape  measure,  protractor 

FINAL  ASSESSMENT: 

See  objectives  above. 
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PROCE  )URE: 

In  th 5  MOD  tray  f:nd  the  syringe  with  a  r Aber  stopper-the  stopper-popper. 
Jam  t le  stopper  into  the  open  end  of  the  syringe  and  "fire"  the  stopper  by 
pushiig  in  on  the  plunger.    As  you  practice  working  the  stopper-popper,  you 
should  get  a  feeling  for  how  to  increase  the  flight  distance.    Lis^  these 
factors.  / 


Also  in  the  MOD  tray  is  the  stopper-popper  support  system  of  notched  wood  and 
a  platform.    By  setting  the  stopper-popper  into  the  notches  and M^»S  ««• 
end  of  the  support,  you  can  control  the  trajectory  of  flight    Practice  with 
this  systea  until  you  get  a  feeling  for  the  height  of  stopper  vs.  the  angle 
of  trajectory. 

With  chalk  draw  a  circle  with  a  2-ft.  diameter  an  the  f  loor  to  8erm,asa 
xrget  for  the  stopper.    Fifteen  feet  from  the  center  of  this  circle  draw  a 
ine  to  serve  as  the  position  of  the  platform.    The  objective  of  the  following 

o£cL  if  to  deterge  th.  position  angle  of  the  platfor.  «-  •*«  «"*■» 

such  as  the  force  of  plunger  necessary  to  hit  the  2-ft*  circle  7  out  of  10 

tries.    See  diagrams  below. 


Position  angle  measured  with 
protractor 


Support 
blocks , 
books*  etc. 


Stopper-popper 
Plunger 


Stopper 


k  Calibrations 


Syringe 


Use  the  fo  lowing  format  to  record  your  ten  trials  on  the  back  of  this  page. 

j 


Triai  #1 
Tria:  #2 


Angle 
10° 


Force  units  on  syringe 
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Anawe:  the  follow,  ag  items: 

1*   Hiat  evidence  Is  avail  ble  that  energy  has  been  transferred? 

2.    Trace  tie  eneigy  of  ttau  moving  stopper  back  to  the  energy  source »  the  sun. 
Use  the  back  <  f  this  sheet  if  you  need  more  space. 


3.    Describe  the  conditions  under  which  Jthe  stopper  flew  the  longest  distance. 


4.    Hrw  does  the  position  angle  of  the  stopper-pepper  affect  *.ne  flight 
distance  of  the  stopper? 


5.  Does  the  rate  of  descent  of  the  plunr^r  affect  flight  distance? 

6.  What  happens  to  the  energy  oJ  che  flying  stopper  to  cause  it  to  come  to 
rest? 


7.    H>w  does  the  <epth  of  the  stonper  in  the  syringe  affect  flight  distance? 


8.    Bjw  does  the  -mount  of  air  in  the  syringe  before  the  stopper  is  plugged 
affect  flight  distance. 


V 
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NOD  213  Weter-Holding  Capacity  of  Soil 
Measuring,  Intarpratlng  data 

OBJECTIVES: 

1.  Given  three  kind*  of  soil,  silty  clay,  loam,  and  sandy  loam,  ycu  will 
measure  and  compare  the  weights  of  equal  volumes  o    the  different 
kinds  of  soil. 

2.  Using  equal  volumes  of  each  of  the  solid ,  you  will  deters ine  tie 
relative  water-holding  capacities  (field  capacitie  )  ot  the  soils. 

3.  Using  soil  samples  saturated  to  the  water-holding  capacity,  yoi  will 
determine  the  actual  weight  of  water  per  gram  of  soil. 

4.  Prom  the  data  collected  in  this  activity,  you  will  formulate  ar 
inference  explaining  the  different  water-holding  capacities  of  the 
soil  samples  used. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  Smith,  Ecology  and  Field  Biology,  pp.  212-221 

2.  Soil  samples,  glass  tubes,  Saran  Wrap,  rubber  bands  glassware,  clamps 
ring  stands,  balance 

FINAL  ASSESSMENT: ' 

See  objectives  above. 
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PXOCEDi  RE: 


Before  doing  Che  a<  tivity,  it  is  necessary  chat  y6ii  are  able  Co  define  Che 
follow  ng  terms: 

1.  field  capacity  -  Che  total  amount  of  water  that  is  held  by  a 'soil 
against  the  force  of  gravity  and  the  downward  pull  of  capillarity 
and  that  does  not  drain  through  the  soil 

2.  hygroscopic  water  of  soils  -  the  relatively  small  amount  of  water 
absorbed  by  dry  soil  from  the  atmosphere 

3.  capillary  water  of  soils  -  amounts  of  water  retained  in  minuCe 
spaces  between  fine  soil  particles,  and  as  films  surrounding  soil 
particles,  and  by  absorption  by  soil  colloids 

4.  gravitational  water  of  soils  -  alter  a  heavy  rain  or  irrigation, 
much  of  the  water  drains  or  sinks  away;  this  is  called  gravita- 
tional water 

r 

Soil  Characteristics 

F  zeptlng  hunui  or  decaying  organic  materials,  all  soils  are  basically  composed 
c -  the  same  minerals.    Most  soils  consist  of  primary  minerals  that  are  composed 
of  silicon  In  combination  with  other  elements.    These  may  Include  silicon  in 
combination  with  oxygen 9  aluminum,  calcium,  sodium,  magnesium,  and  Iron.  Other 
soils  may  be  composed  of  silicon  compounds  mixed  with  variable  amounts  of 
calcium  carbonate  and  calcium  phosphate. 

v* 

Another  characteristic  of  soils  Is  the  else  of  the  constituent  mineral  particles 
or  crystals.    Sand,  for  Instance,  is  composed  of  a  high  percentage  of  silicon 
dioxide  particles  that  are  0.02  mm.  In  diameter  or  larger.    Soils  are 
characterized  by  the  proportion  of  the  soil  made  up  of  a  certain  particle  size. 
The  table  below  shows  the  particle  else  characteristics  of  the  three  soils 
used  In  this;  activity. 


Percentage  of  Each.  Type  of  Particle 

Sandy  Loam 

Loam 

Clay 

line  Si nd  to 
Coars  e  Sand 

47.1 

26.5 

6.7 

Very  Fine  Sand 

22.0 

13.2 

16.8 

Silt  Particles' 

21.1 

A3. 2 

28.0 

Clay 

9.8 

17.1 

48.5 

I  article  Site  for  the  Various  Categories: 

Ccaise  Sanl  to  Fine  Sand  .  .   2.00  to  0.10  mm 

Verj  Fine  >and  \  •  •   0.10  to  0.02  tnm 

Silt  *  .  .  .  .  0.02  to  0.002  no 

Cls)  r   below  0.002  am 
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1.    1  stent  nation  of  weight-volume  relationships 

in    Ut  gh  a    00  ml.  graduated  cylinder  to  the  nearest  gram  on  the  balance 
provided. 

1  .    Pi.l  the  cylinder  to  the  250  ml.  mark,  and  gently  tap  the  bottom  of 

th«j  cylinder  with  the  palm  of  your  hand  to  settle  the  soil  uniformly. 

We  igh  the  cylinder  and  the  soil  to  the  nearest  gram. 
D.    Determine  the  weight  of  250 ml.  of  each  kind  of  soil.    Using  the 

heaviest  soil  as  a  reference  (100Z) ,  determine  the  relative  weights 

of  the  other  two  samples  (In  per  cents) . 

Type  of  Soil 

Sandy  loam         Loam  Sllty  Clay 

Weight  of  250  oi#       

Relative  Weights  In  Per  Cent  ,      


2.    ^termination  of  relative  water-holding  capacity  (field  capacity)  of  each 
Joll 

A.  Obtain  3  glass  tubes  from  the  MOD  tray.    Using  a  rubber  band,  close  one 
end  of  the  glass  tube  with  a  square  of  cloth  found  In  the  MOD  tray. 
Weigh  the  tube  to  the  nearest  gram. 

B.  Measure  250  ml.  of  soil  Into  each  of  the  tubes »  using  one  kind  of  soil 
for  each  tube.    Gently  tap  the  bottom  of  the  tube  with  the  palm  of  your 
hand  to  evenly  settle  the  soil.    Weigh  the  tube  and  soil  to  the  nearest 
gram.    The  total  weight  minus  the  weight  of  the  tube  will  give  you  the 
weight  of  the  soil  sample. 

C.  Assemble  a  support  stand  with  two  clamps,  and  damp  the  glass  tube  to 
th<»  support. 

It.    Place  a  400  ml.  beaker  under  ttie  tube  and  add  250  ml.  of  water  to  the 
to>  of  the  tube.    Cover  the  top  of  the  tube  with  aluminum  foil. 

::.    A}  Low  the  tube  to  stand  for  24  hours  or  until  no  more  water  Is  draining 
fr  m  the  tube  Into  the  beaker. 

\    Weigh  the  tubes  and  soil. 

<S.    Calculate,  the  weight  of  the  soil  sample  with  its  water. 
I.    CaLculate  the  weight  of  water  retained  by  the  soil. 

Type  of  Soil 

Sandy  Loam         Loam         Silty  Clay 
Grams  of  Water  Retained       


Gruns  of  Water  Retained 
>er  Gr^m  of  Soil 


Note:  The  soils  used  in  this  activity  were  dried  at  100°C*  before  they  were 
set  >ut  for  you.  All  increase  In  weight  at  field  capacity  was  due  to  water* 
holding  capacity 
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MOD  2 LA    Basic  Pr< babiiity  and  Its  Role  in  the  Elementary  School 
This  iOD  is  concerned  with  the  basic  concepts  of  probability. 
OBJECTIVES: 

At  the  completion  of  this  MOD  you  will  be  able  to: 

1.  Use  games  to  explain  probability. 

2.  Give  a  quantitative  meaning  to  the  idea  of  uncertainty. 

3.  Determine  the  set  of  possible  outcomes  for  a  given  situation. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Probability  and  Statistics 

2.  MMP  slide-tape,  "Overview  of  Probability  and  Statistics" 

3.  25  chips  of  four  colors,  spinner  with  3  colored  sectors,  coin, 
2  die,  deck  of  bridge  cards, , several  circular  cylinders^ 

PROCEDURE: 

1.  View  the  MMP  slide-tape  "Overview  of  Probability  and  Statistics." 

2.  In  MMP,  Probability  and  Statistics,  do 


Activities  i: 

Parts 

I, 

II 

,  and  the  General  Question 

2: 

Parts 

1, 

2, 

3,  4,  and  7 

3: 

Parts 

1, 

2, 

3,  4,  and  5b 

3.    Prepare  a  game  for  your  file  on  probability. 
FINAL  ASSESSMENT: 

1.  Bring  all  work  sheets  and  your  game  to  the  evaluation. 

2.  Be  able  to  answer  questions  relative  to  the  objectives. 
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HOD  215  Models:    Electric  and  Magnetic  Interaction  (SCIS) 
Communicating,  controlling  variables 

OBJECTIVES : 

1.  Given  a  source  of  electrical  current,  compasses,  ard  some  wire,  you 
will  demonstrate  that  a  magnetic  field  accompanies  an  electrical 
current. 

2.  Given  a  source  of  electrical  current,  a  large  nail  or  rivit,  co npasses, 
and  some  wire,  you  will  construct  an  electromagnet. 

3*    Given  a  coil  of  wire,  a  bar  magnet,  and  a  galvanometer,  you  will 

demonstrate  that  a  changing  magnetic  field  induces  electrical  current 
in  the  wire. 

4.  Given  the  materials  in  the  MOD  tray,  you  will  construct  a  scientific 
model  for  electricity. 

5.  You  will  select  a  natural  system  other  than  the  ones  encountered  in 
this  MOD,  and  construct  a  scientific  podel  that  enables  you  to  make 
predictions  about  the  behavior  of  the  system. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  SCIS,  Models:    Electric  and  Magnetic  Interactions »  Teacher's  Guide 

2.  Flashlight  batteries,  power  pack,  insulated  wire,  rompassss,  irDn 
filings,  galvanometer,  bar  magnet,  large  nail  or  r:.vet,  snail  light 
bulb,  brass  clips 

FINAL  ASSESSMENT: 

1.  See  the  objectives  above. 

2.  Be  prepared  to  discuss  your  written  records  with  the  Instructor . 
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PROCEDURE:  \ 

\ 

Note:    A  power  pack  nay  be  used  in  place  of  batteries  in  activities  2,  3.  and\. 

1.    These  activities  refer  to  chapters  in  SCIS,  Models :    Elc  ctr ic  md  Ma  snot ic 
Interactions »  '^acher's  Guide*    Read  the  following  pages  as  preparation: 
"Models,"  pp.  44-47 
"Devising  Models,"  pp.  56-59  . 
"A  Magnetic  Pield  Model,"  pp.  60-65 
"An  Electricity  Model,"  pp.  82-83 

2*    Connect  a  wire  to  one  terminal  of  a  battery.    Let  the  w:  re  pass  over  a  sm*ll 
conpaso  so  that  the  wire  and,  compass  needle  are  aligned    and  nnmentacily 
touch  the  loose  end  of  the  wire  to  the  other  t  rminal  o;  the  bittery.  Note 
what  happens  to  the  compass.    Place  the  if  ire  unuer  the  <  orapass  and  rspeat 
the  procedure.    What  does  the  behavior  of  the  compass  inply  abmt  th*  space 
surrounding  the  current-bearing  wire?    Refer  to  the  diaj ram  in  the' S SIS 
Teacher* s  Guide,  p.  65. 


3,v  vi»  a  wire  many  times  around  a  large  nail  or  rivet.    Connect  the  t*o  ends 
**ofAhe  tfir-  to  one  or  more  batteries.    Investigate  the  effect  of  the  nail 
of  rivet  on  compasses,  iron  filings,  and  small  iron  objects  that  you 
locate  around  the  room.    Do  not  allow  the  current  to  flow  for  periods  much 
longer  than  30  seconds  or  the  batteries  will  wear  down  very  quickly.  Make 
variations  in  the  number  of  turns  of  wire,  strength  of  current       fee,  or 
connection  of  terminals.    Note  their  effects. 
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Do  not  connect  the  galvanameter  to  tKe  batteries  or  any  other  ■:  jurce__  of 
current! 

Take  a  bar  magnet  from  the  MOD  tray.    Form  a  wire  coil  of  many  turns  which 
will  fit  around  the  magnet.    Connect  the  two  ends  of  the  wire  to  a 
galvanometer  which  is  a  delicate  meter  that  detects  the  presence  of 
electric  current.    Hove  the  bar  magnet  into  and  out  of  the  coij.    Iferte  the 
needle  on  the  meter.    Change  magnetic  poles  and  see  what  happers.  Ccnnect 
the  ends  of  the  wire  to  opposite  terminals  on  the  meter.    Watct  the  teedle 
very  closely  as  its  movement  is  slight  and  transitory,    tow  i  this 
interaction  between  electricity  and  magnetism  different  :rom  tte  inter- 
action between  the  battery  and  the  compass  in  activity  2? 

/  ■ 


Review  "An  Electricity  Model f"  pp.  82-97.    Given  the  materials  in  th 5  MOD 
tray,  set  up  an  electrical  system.    Then  construct  a  model  for  electricity 
based  upon  that  system.    MOD  176  is  closely  related  to  this  activity  If 
you  completed  it  last  term  that  experience  should  be  helpful.     In  th«i  space 
below,  use  a  diagram  to  help  communicate  your  model  for  electricity,  but 
also  explain  it  in  writing. 
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S  sleet  any  xur  ural  syat  em  you  wish  other  than  ones  referred  to  in  this  MOD 
C>nstru:t  for  the  syst<m  a  model  that  will  enable  you  to  mate  predictions 
a  >out  t  ae  beh.  vior  of   he  system.    Discuss  your  system  below. 
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MOD  :  16    Euvlrotut  ratal  PL  t  Analysis 
Classifying,  seaiurlng 

OBJECTIVES,  •  ^ 

1.  After  completing  a  "line  Intercept  technique"  for  studying  plant 
.  forms  In  a  plot,  you  will  be  able: 

a.  to  determine  the  relative  density  of  each  species  found  in 
the  plot  area; 

b.  to  determine  the  dominance  o.r  cover  per  cent  of  grouud  surface 
of  the  plot  area; 

c.  to  determine  the  relative  frequency  of  each  species  seen  in  the 
plot  area, 

2.  After  separating  the  plant  specimens  seen  in  the  line  transect,  you 
will  further  classify  these  plants  into  the  major  plant  categories 
described  In  the  REFERENCE  SHEETS  FOR  MOD  216. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1,  Reference  Sheets  for  MOD  216  in  the  MOD 

2,  This  MOD,  pp.  2-3  r  > 

3,  Smith,  Ecology  and  Field  Biology,  2nd  ed.,  pp.  695-696 

4,  Native  vegetative  area  ' 

5,  i:!-foot  tape  measure,  transect  line,  and  supporting  rods  to  be  obtained 
from  thf  lab  attendant 

PIRAj.  ASSE  SSMENT : 

See  objectives  above.    Be  ready  to  present  your  data  to  the  Instructor 
In  an  organized  form. 
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All  living  organisms  can  be  ordered  or  classified  on  the  basis  of  their  structure 
In  classifying  organism  one  can  begin  with  the  simplest  forms  and  end  with 
the  more"  complicated  forms.    If  all  organisms  are  composed  of  a  basic  unit, 
the  cell,  then  It  follows  that  the  simplest  living  forms  would  be  those  that 
consist  of  only  onev  such  unit,  that  lst  single-celled  organisms.  Because 
nature  can  make  many  different  kinds  of  coll  a,  there  may  be  many  different  kinds 
of  single-celled  organisms •    The  bacteria,  algae,  amoebae,  end  euglena  are 
typical  examples  of  single-celled  organisms • 

Some  organisms  are  composed  of  clusters  or  associations  of  cells*    If  all  the 
cells  In  the  clyster  are  of  the  same  kind,  of  the  same  shape  and  form,  the 
organism  is  called  a.  colonial  multicellular  organism.    In  these  organisms  none 
of  th*  cells  are  specialized  for  a  specific  function  but  all  can  carry  on  all 
the  lLfe  function*;  for  nutrition,  growth,  and  reproduction. 

/  lext  step  toward  higher  complexity  Is  the  formation  of  organisms  composed  of 
^gire  gates  of  several  kinds  of  cells.   Usually  in  these  orfteniems  each  specific 
group  of  cells  Is  specialised  to  perform  a  unique  function.    For  example, 
nerve  cells  for  coordination  of  the  whole,  cells  forming  pathways  for 
circulation  of  substances  throughout  the  whole,  cells  adapted  for  collecting 
food  and  digesting  food  for  the  whole  organism,  etc.    In  these  organisms  a 
tissue  level  Is  reached,  end  each  group  of  a  particular  kind  -  particular  in 
shape,  form,  end  function  -  is  called  e  tissue. 

in  additional  step  to  higher  complexity  is  the  organ  level.    In  this  level 
several  tissues  In  one  part  of  the  body  may  work  together  for  a  common  purpose. 
The  lungs  ere  composed  of  several  tissues  and  function  to  supply  oxygen  to  the 
whole  organism.    Hie  kidney  is  another  example  and  has  the  function  of  removing  , 
waste  product*  from  the  whole  organism. 

^NA  final  etap  to  e  rise  in  complexity  is  the  system  level.    In  this  level  several 
otgass  wort  together  tat  a  function  In  the  organism.    The  heart,  blood,  blood 
vessels,  acd  some  glarf&s  all  coordinate  to  produce  an  effective  emulation 
system.  / 

Plants  and  animal**  have  not  reached  the  same  levels  of  complexity.  Plants 
have  evolved  to  tlie  tissue  level  with  possibly  some  development  toward  the 
o£gan  level .   Aninale  have  representatives  at  all  levels  of  complexity  from 
single-cell ad  organisms  to  organisms  at  the  system  level. 
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1.    I  \  this  MOD  you  will  be  concerned  with  a  variety  of  plant  fw.  ur.als  aro 

-Ansilered  separtely  .    A  general  description  of  the  seven  major  pi«nt  fovaa  end 
some  of  their  subgroups  is  given  below. 

A.    Plants  not  having  vascular  bundles. 


Group  I.  Algae 


Group  II.  Fungi 


Group  III*  Liverworts 


Gxoup  IV.  Mosses 


Single-celled  and  colonial  forms  possessing 
chlorophyll.    No  true  tissue. 

Colonial  forms  >  not  possessing  true  tissue. 
Non-green  plant-like  fores.  (r.olds, 
toadstools,  mushrooms*  mildewr.) 

Green  plants  having  leaves  only.    No  stems 
or  roots,  leaves  growing  ntootrate  on  the 
ground  or  rocks. 

Small  green  plants  having  leaves  only. 
Appearing  as  small  leaves  clusterd  togfctbbi 
to  form  a  "stem."    Do  not  form  seeds. 


B.    Plants  having  vascular  bundles , 


Group  V.  Ferns 


Grc^VI.    Evergreen?  or 
Conifer 8 ' 


Gioup  VIC, 


Deciduous 
Plants 


Plants  having  leaves  and  stems.  Ste- 
always  under  the  ground  with  leaves  aly 
visible  above  ground.    Do  not  form  seeds, 

Plants  having  leaves,  stems,  and  roots. 
Leaves  most,  often  needle- like.    I  roc!  ice 
seeds,  have  cones  instead  of  flowers, 
(pines,  firs,  spruces,  hemlock$,  eyesds, 
ginkgos) 


Plants  that  lose  their  leaves  once  A  year 
and  become' dormant.    Produce  seeds  from 
flowers. 


Subg  roup : 
Mo  aoco  t y 1*  dons 


Subgroup: 
Di  cotyledons 


Produce  seeds  having  only  one  cotyledon. 
Petals_and  sepals  of  flower  in  three  or 
multiples  of  three  .^Vascular  bundles 
scatter  in  stem.    Narrow  leaves  with 
par<  Uel  veins,    (grasses,  palms,  irises, 
bananas,  tulips,  orchids,  corn) 

Produce  seeds  having  two  cotyledons. 
Petals  and  sepals  of  flovrers  in  groups  of 
five  or  multiples  of  fiv*.  Vascular 
bundles  ring-like  in  stern,  boad  leaves 
and  veins  branching,    (trees,  shrubs,  herbs > 
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I  ROC ED JRE: 


3 1  is  Import  ant  th  .t  you  se kect  an  environmental  plot  that  will  not  be  too 
(ifflcilt  tc  analy.e  and  one  that  will  have  a  variety  of  kinds  of  plants.  A 
'  lawn"  type  of  plo :  will  not  be  satisfactory  because  the  growth  of  grass  plants 
vill  bs  so  dense  that  it  will  be  impossible  to  count  the  individual  plants. 
You  shauld  select  a  plot  where  ttsre  are  several  kinds  of  plants  and  where  the 
plant  density  is  such  that  bare  ground  areas  are  exposed.    Where  can  you  find 
such  a  plot?    You  might  try  next  door  by  Bee  Creek  or  in  an  area  where  the 
tree  growth  is  not  too  dense  and  where  undergrowth  of  grasses,  herbs,  mosses, 
etc.  is  permitted.  Get  Ur.  .Wolfson's  permission  before  using  area  next  door. 


You  should  not  be  concerned  with  specific  identification  of  individual  pTaht 
species.    The  different  species  or  kinds  of  plants,  may  be  designated  as 
species  1,  species  2,  etc.    In  completing  objective  4,  you  should  classify  ( 
the  plant  species  according  to  the  classification  rystem  learned  in  MOD  l£2. 

Follow  the  procedures  below. 

Fiad  an  (environmental  plot  you  consider  satisfactory. 

-vrr-  Suspend  the  12-foot  tape  measure  between  the  stakes  provided. 

».    The  tape  measure  is  'divided  into  twelve  1-foot  Intervals  which  are  further 
divided  intsc  inches.    While  standing  directly  over  the  tape  measure,  determine 
tkft  areas  of  the  transect  that  do  not  have  plant  cover.    This  is  the  same  as 
designating  which  areas  directly  below  the  tape  are  seen  as  dirt,  dead  leaves, 
etc.    For  e**»aple,  the  information  may  be  recorded  on  the  chart  as    Interval  3, 
2-6  inches"  (portion  of  the  tape  from  3  feet,  2  Inches  to  3  feet,  6  inches). 

4.  While  you  look  down  over  the  tape,  count  all  plants  that  you  see  occupying 
space  under  the  tape.    This  may  include  plants  whose  roots  are  anchored  in 
soil  to  the  side  of  the  tape  but  have  parts  extending  under  the  tape. 

5.  In  counting  the  plants  you  should  identify  them  according  to  species  number. 
For  example,  your  data  may  appear  as  "Interval  3,  1  of  species  #1,  5  of  species 
<*3,  acd  2  of  species  #6."  < 

^7"Cc¥pIet< Tthe  above  counts  for- the  three  i2-£oet  transect  lines. 

Aralyze  your  data  to  determine  relative  density,  dominance  or  cover  per  cent, 
,ind  relative  frequency  by  using  the  following  formulas. 

F  elati\  e  dens  Lty  -  (total  Individuals  of  a  species        x  Q 

total  individuals  of  all  species 

Iomlnaice  or  total  distance  in  inches  of  transect 

covei  per  c»nt    ■   line  covered  by  plants   X  100 

144 
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»  'requeicy  -    ntervals  in  which  a  species  occurs  1QQ 

12 


lelati  /e  f re<  uence  -  frequency  value  of  a  species   x  iqq 

total  of  all  frequency  values  of  all  species 


\ 
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MoD  .  17    Problem    olving  I 

!this  *IOD  wiLl  pro  ide  opportunities  for  solving  problems  and^Sientify^g 
some  isefui  metho<  s  in  protlem-solving. 

OBJECTIVES: 

Vt  the  conclusion  of  this  MOD  you  sill  be  able  to: 

1.  Find  methods  for  getting  started  with-a  plan  to  solve  a  problem. 

2.  Adapt  problem-solving  strategies  to  particular  problems. 

'* 

INSTR  JCTIONAL  REFERENCES  AND  MATERIALS:  „ 

1.  MMP,  Problftft  Solving 

2.  Handouts  for  Strategy  I,  II,  .HI  4 

3.  Grid  paper,  Kx  2  tile's,  blocks,  ruler 

PROCEDURE:  & 

1,  Read  "Introduction"  and  "Perspective"  sections  in  MMP, 
Experiences  in  Problem  Solving. 

—*2.    Do  Activities  1,  2,  and  31 

FINAL  ASSESSMENT: 

L.    Bring  all  work  sheets  to  the  evaluation. 

2.  able  to  answer  all  questions  relative  to  the  objectives. 
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HANDOIT  FOR  STRATEGY  1 


Plan 


Carry  «ut 


Think  back 


When  you  are  faced  with  a  problem  whose  solution  is 
not  immediately  obvious,  it  is  frequently  helpful  to 
begin  by  studying  a  simpler  but  related  problem.  This 
is  cur  STRATEGY  1  and  we  refer  to  it  as  simplification 
!n  th^s  handout  we  will  show  how  it  can  be  useful  in  the  "Riding  to 
School  1  problem  of  Activity  1.    Simplification  may  lead  to  an  idea  of 
how  to  solve  the  problem  or  how  to  best  view  the  problem.     Solving  a 
simpler  problem  may  actuary  prov^e  an  answer  which  can  be  used  in 
the  sclution  of  the  original  problem,  or-  a  method  which  so.ves  the 
simpler  problem  and  which  also  leads  to  a  solution  of  the  original 
problem.  > 
-implifirntinrr  nf  f«  tn  Scho°r  Problem. 

We  use  the  "Riding  to  School"  problem  to  illustrate  the  strategy  of 
"simplification.    The  problem  is  posed  in  Activity  1  in  terms  of  a 
3x3  block  grid: 

_ ■  School 


Home 


Thert  are  some  obvious  candidates  for  simpler  problems  which  might 
be  considered. 


Home 


rf 


School 


Home 


I  School 


a  one-block  problem  'a  2x2  block  problem 
BoU,  of  these  problems  possess  a  certain  symmetry  which 
see,  is  quite  useful. 


,  as  wef"?tall 
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Another  type  of  simpler  problem  which  does  not  have  this  symme- 
try Is  a  1  x  3  block  problem: 


There  are  of  course  other  candidates,  but  these  examples  are  suffi- 
cient to  indicate  what  we  mean  by  a  simpler  problem* 

Throughout  the  discussion  which  follows  we  adopt  a  "north"  and 
'east"  terminology  which  reflects  the  customary  identification  of 
forth  'wi  :h  the  upward  direction   A    and  east  with  the  right-hand 
( irection   — ■ 

/ ,n  analysis  of  some  simpler  but  related  problems 

Vie  begin  with  an  analysis  of  the  one -block  problem, 
"here  are  clearly  two  different  (direct)  paths  to 

school : 

NE  (first  north  and  then  east);  and 
EN  (first  east  and  then  north). 

The  situation  is  slightly  more  complex  in  the  2  x  2  block  prob- 
lem.   If  we  adopt  the  (implicit)  assumption  that  only  the  most  direct 
routes  are  of  interest,  then  each  path  to  school  is  four  blocks  long, 
"hree  of  the  possible  routes  are  »  * 


Omterstaadi 


Plan 


Carry  out 


Think  back 


li 


ctice  tiat  each  of  these  routes  begins  by  heading  nrrth.    There  are 
,il so  thr  ?e  routes  which  begin  by  heading  east.    Draw  them  on  the  fig- 
ires  on  ;he  following  page. 
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Since  a  route  must  begin  either  by  heading  north  or  east,  and  since 
we  have  identified  all  of  the  routes  in  either  case  (why?),  it  fol- 
lows that  there  are  six  routes  from  home  to  school  in  the  2  x  2  block 
problem. 

The  answer  to  the  2x2  block  problem  (six  routes) 
and  the  mfethod  of  obtaining  the  answer  (use  the  symme- 
try of  the  jrid  to  divide  the  problem  <nto  two  parts: 
court  the  routes  which  begin  by  heading  north  and 
tho;e  which^egin  by  hea$M*g  east)  will  be  used  to 
attic*  the  3  xTBTCckproblem  of  Activity  1. 

r. 

lack  jto  the  original  probleto 
Let  us  begin  by  simply  drawing  some  of  the  routes 
%  Sally  can  travel  from  home  to  school.    Three  routes 
are  shown;  find  three  more. 


|  Think  back  \ 


Understand 


Think  back 


(a) 

Three  of  t  ie  routes. , 


7 


(c) 
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(d) 

You  provide  three  more.. 


(e) 


(f) 


It  should  be  clear  that  each  (direct)  route  from  Sally's  house 
to  the  school  must  be  six  blocks  long.    She  has  to  go  a  total  of 
three  blocks  to  the, north  and  three  blocks  to  the  east.  * 

Let  us  use  the  method  developed, in  our  study  of  the  2  x  2  block 
problem  to  attack  the  3  x  3  block  situation.   This  method,  which 
exploits  the  symmetry  of  a  square  grid,. can  be  used  to  show  that  for 
every  route  which  begins  by  heading  north  (as  in  (?.))  there  is  one 
wh1ch\egins  by  heading  east  (as  in  (b)).    One  way  of  making  this 
clear  is  the  following.    If  the  routes  are  labelled  by  the  directions 
taken  at  each  corner,  N  or  E,  then  route  (a)  can  be  labelled  NNNEEE 
arfd  (b)  can  be  labelled  EEENNN.    The  directions  N  and  E  are  simply 
interchanged  in  these  t«o  routes!    The  route  shown  in  (c)  can  be 
labelled  NNENEE.    What  are  the  labels  for  the  routes  you  provided  in 
■Id),  (e),  and  (f)? 


(e) 


(f) 


Notice  that  since  each  route  is  six  blocks  long,  each  label  consists 
of  six  'etters:    three  N's  and  three  E's. 
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What  1s  the  rwte  that  results  from  Interchanging  N  and  E  1n 
(c)?   nnd  the  label  and'draw  the  path. 


Use  this  technique  to  find  the  symmetric  routes  (those  resuming  from1 
the  Interchanged  N  and  E)  to  those  you  constructed  1n  (d),  (e)  and 
(f)  on  i.he  previous  page.  J 


symmetric  to  (d) 


symmetric  to  (e) 


symmetric  to  (f) 


In  summary,  to  every  route  which  begins  by  heading  north,  there 
corresponds  another  which  begins  by  heading  east,  namely  the  route 
whose  label  1s  obtained  from  the  label  of  the  first  by  interchanging 
N  and  E.    Therefore,  the  complete  set  of  routes  can  be  written  as  a 
set  of  synmetrlc  pairs  (e.g.,  NNNEEE  and  EEENNN)  and  consequently, 
the  total  number  of  routes  is  twice  the  number  of  routes  which  begin 
by  headng  north.   We  have  used  the  symmetry  of  the  grid  to  reduce 
the  problem  to  one  of  finding  the  number  of  routes  from  Sally's  house 
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to  tie  schoo1  which  begin  by  heading  north;  tfce  answer  to  the  origi- 
nal problem  is  twice  this  number.    In  making  this  reduction  we  h^ve 
used  the  method  we  discovered  in  studying  the  2  x  2  block  problem. 

Our  next  problem  is  tovcount  the  number  of  routes  which  begin  by 
head  ng  north.    Each  such  route  must  pass  through  the  corner  marked 
X  in  the  diagram  below. 


V 


ERIC 


At .tie  corner  X  a  decision  must  be  made:    either  go  north  or  go 
east.    If  the  route  heads  east  from  corner  X  then  the  next  corner* 
it  reaches  is  the  one  marked  Q  ;  if  it  heads  north  then  the  next 
corn;r  it  reaches  is  the  one  marked  A.    Thus,  again  the  problem  is 
redured  to  simpler  ones:; 

A:    Find  the  number  of  routes  from  corner  O  to  school,  and 
B':    Find  the  number V  routes  from  corner  /S  to  school. 

This  is  a  good  pUce  lo  pause  for  a  moment  to  be  sure  that  you  see 
how  to  answer  the  original  question  on^e  you  know  thtf  answers  to 
these  two  questions.  ~~ 

We  shall  see  that  we  can  use  the  answers  to  some  simple^  prcb- 
lemsito  answer  A^and  B."  We  consider ^each  one  separately. 

A:    The  problem  of  determining  the  number^of  routes  from  the 
comer  marked  Q  tQ  the  school  is  jiiafc  the  2  x  2 'block 
problem  we  solved  above!    We  use  the  answer,  six,  to  con- 
cl  ie  that  there  are  six  routes  from  Sally's  house  to  the 
school  which  begin  by  hsading  north'antf  which  go  through  the 
cot  ner  marked  Q. 

B:    This  is  another  type  of  simpler  problem,  and  it  is  essen- 
tially th\  1  x  3  block  problem  introduced  near  the  beginning 

\ 
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of  this  wndout.    Explain  why  there  are  exactly  four  direct 
routes  <rom  corner  /\  to  the  school.    (Hint:    Sally  must  go 
one  block  further  north  f  rom  ^ .    On  how  many  streets  can 
she  ride  this  block?)   Draw  the  four  routes  from  corner  /\ 
to  the  school  on  .the  figures  below. 


A- 


Why  is  it  impossible  to  use  a  symmetry  argument  analogous  to  the  one 
used  earlier  to  find  the  total  number  of  routes  from  /\  to  the 
school? 

We  conclude  that  there  are* four  routes  from  Sally's  h^\se  to  the 
school  which  begin  by  heading  north  and  go  through  the  corner  marked, 
/\  .    Notice  that  in  solving  these  simpler  problems  we  used  answers 
obtained  above.  , 

>  _  \ 

A  solution  of  the  original  problem 

Since  there  are  six  routes  from'Sally's  house  to  the  school  which  be- 
gin by  heading  north  and  go  through  tlje  corner  (7)  arid  four  routes 
which  begin  by  heading  north  and'qo  through  the  corner  /\  ,  there  are 
6  +  4  or  iO  routes' from  Sally's  house  to  the  school  Which  begin  by 
heading  north.    Referring  to  the  discussion  of  symmetry,  we  fconclude 
that  there  must  be  10  routes  which  begin  by  heading  east.    Thus  there 
must  be  20  different  routes  from  Sally's  house  to  the  school. 

Those  of  you  who  solved  the  problem  on  your  own  may  feel  ihat  we 
have  gone  to  great  ler^ths  to  eXp'alp  things  which  are  obvious.'  iou 
may  be  right,  and  this  is  an  example  of  an  argument  which  Is  easy 
once  you  see  U  but  lengthy  to  exolain  In  detail.    However,  we  feel 
that  it  is  worthwhile  to  provide  all  the  details  at  least  once.  Sub- 
sequent handouts  will  provide  les^  and  require  more  of  you. 
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Whin  and  Kow  to  use  STRATEGY  1 

Ho-  can  one  tell  whether  the  "simplification"  strategy  will  be  useful 
on  a  specific  problem?  There  are  no  hard  and  fast  mles,  but  the  fol- 
lowing examples  Illustrate  y^types  of  problems  on  which  It  is  natu- 
ral to  try  simplification.  * 
1     Given  a  problem  Involving  an   nxn    array  of  some  sort,  consi- 
der an  analogous  problem  with  a  smaller  a'rray.   The  "Riding  to - 
•  School"  problem  of  this  activity  1s  an  example  of  this  type. 
2.    Given  a  problem  involving    n   quantities  of  some  .sort,  consider 
an  analogous  problem  with  fewer  quantities. 
Given  a  problem  Involving  an  arbitrary  triangle,  consider  first 
the  case  of  an  Isosceles,  or  equilateral  or  right  triangle. 
Given  a  problem  in  three  (or  two)  dimensions,  i.e.,  In  a  space, 
consider  an  analogous  problem  in  two  (or  one)  dimensions,  i.e., 
in  a  plane.    For  example,  Euler's  formula  for  three-dimensional 
polyhedra  can  be  obtained  by  examining  planar  graphs.*  This 
idee  will  be  used  in  Activity  2. 


3. 


4. 


Und«r«t»nrf 


Think  back 


Concluding  Remarks 

;t "is  su  gested  that  you  try  to  analyze  each  problem 
3ou  work  in  Activity  1  along  the  lines  Illustrated  in 
this  haniout.  Voir  win  be  asked  to  prepare  such  an 
..nalysis  as  a  part  of  Activity  5.  it  1s  worthwhile 
■o  develop  the  habit  of  reflecting  on  which  methods  were  successful 
4,nd 'which  unsuccessful  fo,  each  problem.  In  this  way  you  develop  a 
set  of  experiences  on  which  you  can  draw  in  future  problem-solving 

activities.  . 

Finally,  it  snould  be  mentioned  that  in  some  cases  the  simpler 
related  problem  may  not  actually  be  simpler  to  solve  but  is  merely 
simpler  for  you  si^nce  you  already  k.ow  how  to  solve  it.    For  example, 


^T^.  Awareness  Geometry  unit  pf  the  Mathematics-Methods  Program 
for  soir.'  work  on  Euler's  formula  in  the  plane. 
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a  geometry  problem  Involving  the  proportional  sides  of  two  triangles 
may  be  related  to  a  result  you  know  involving  similar  triangles.  The 
latter  result  may  be  useful  in  solving  the  original  problem,  but  it 
may  be  as  complex  (or  perhaps  more  complex)  than  that  problem. 
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HANDOUT  FOR  STRATEGY  2 


The  first  problem  of  Activity  2  provides  an  example  of  a  problem  in 
which  a  certain  regularity  in  a  sequence  of  numbers,  a  number  pattern, 
leads  to  a  solution.    We  begin  our  study  of  the  problem  with  a  sim- 
plification and  the  identification  of  a. number  pattern  in  the  simpler 
problem.    We  continue  with  a  detailed  study  of  the  original  problem 
with  ftewer  than  six  cuts.    Aritab'e  of  numbers  will  be  constructed  and 
a  formula  conjectured.    StrQwb^2,  which  is  exemplified  by  the  iden- 
*  fication  of  number  patterns  and  formulas  relating  quant!uies  of 
interest,  will  be  referred  to  as  the  strategy  of  finding  a  number 
pattern  and  formula. 


Solving  a  simpler  problem  using  a  number  pattern  and  formula  strategy 

The  hint  provides  a  useful  suggestion  for  getting 
started  on  the  problem.    If  we  view  the  piece  of 
string  as  a  line  segment,  then  one  cut  d;vides  the 
string  into  two  pieces,  two  cuts  divide  it  into  three 
pieces,  and  so  on.    The  situation  can  be  p'ctured  as 


[Plan 


\J 


no  cuts 


one  cut 


two  cuts 


three  cuts 


n  <m  <% 


one  piece 

two  pieces 
three  pieces 

four  pieces 
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I    we  introduce  the  notation  S(n)  to  denote  the  number  of  pieces  re- 
SiUing  <-om    n    cuts,  then  the  information  contained  in  this  diagram 
c  inj>e_j>marued  in  a  table: 


number  of  cuts  (=  n) 

0 

1    i  2  1 
 1  

3 

number  nf  oieces  (=  S ( n } } 

,.1 

2    1  3 

4 

Eased  on  the  evidence  presented  in  this  table  it  is  reasonable  to 
conjecture  that  m  general    n    cits  will  produce    n  ♦  1    pieces  of 
string ,  i.e..  tnat  S(n)  =  n  *  ! . 

Back  to  the  onq^ral  propj em 
Having  seen  how  to  observe  a  number  pattern  and 


Understand 


Man 


Carry  out 


generate  a  formula  we  turn  now  to  the  original  prob- 
lem, i.e.,  the  DOtato-dicmg  problem,  and  we  attack 
it  using  the  method  we  applied  to  our  study  of  the 
simpler  problem.    To  that  end  we  begin  to  construct  a 
table  similar  to  the  one  constructed  for  the  string  problem. 

If  we  make  no  cuts  in  the  potato,  then  we  clearly  have  one 
piece.     I*  one  cut  is  made,  then  tv.0  pieces  result. 


Think  back 


'10  Cl'tS 


/ 


\ 

) 


utip  piece 
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However,  at  the  n< xt  step  (i.e.,  tvo  cuts)  a  complication  arises 
which  did  not  ari^e  in  the  str"  q  problem.    The  complication  is  that 
two  cuts  can  be  made  in  two,  quite  different,  ways: 


Since  the  problem  for  us  is  tc  determine  the  greatest  number  of 
pieces  which  can  be  obtained  by  sl'cing  a  disc  with  a  specified  num- 
ber of  culls,  the  cuts  shown  in  f^g»  re  (b)  are  the  desired  ones.  In- 
deed, the  two  cuts  shown  in  figure  (a)  yield  three  pieces  whereas  the 
two  cuts  show/i  in  figure  (b)  yie^d  four  pieces.    Let  us  begin  to  con- 
struct a  table  with  the  information  obtained  so  far.    In  the  table 
we  let  V  denote  the  number  of  cuts  and  'P(n)"  tre  greatest  number 
of  Diec:s  wh^ch  can  be  obtained  with   n    cuts.    (Is  the  use  of  the 
functv  i  notation  P(n)  appropriate7  Why?) 

Ihinq  the  information  generated  b>  considering  none,  one,  and 
two  cu*s  we  have  the  table 


n 

0 

1 

2 

3 

4 

*  .1) 

t 

A 

I 

4 

1 

lo  co't^je,  we  assume  that  t>  obtain  the  greatest  number  of 
piece:>  witn  t*ree  cut--         first  two  cuts  ought  to  made  as  in  figure 
(0)  above,  and  then  a  thud  cat  ad  led.    How  should  the  third  cut  be 
nMue?    There  are        followr,?  risibilities  (the  third  cut  is  indi- 
cated by  z  bo-1'4  1  ine) 


S7.>-3 
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II  the  tiird  cut  is  made  as  shown  ir  figure  (c)  then  five  pieces 
result;  if  it  is  made  as  in  figures  (d)  cr  (e)  then  six  pieces  re- 
sult; and  if  it  is  made  as  in  figure  (f)  then  seven  pieces  result. 
We  corclude  that  in  order  to  obtain  the  naximum  number  of  pieces, 
then  the  third  cut  should  be         <v.  jn  figure  (f)  and  P(3)  =  7. 
Addmc  this  information  to  our  taoV;  we  have 


n 

0 

1 

2  i  3 

4 

P(n)  ' 

1 

2 

4   |  7 

We  ha.e  new  r -ached  a  ooint  at  which  the  central  idea  in  Strategy  2 
c:  '  be  applied:    we  look  for  a  pattern  in  the  table  of  data  obt^ned 
£  om  the  special  cases  of  0,  1,  2,  and  1  cuts. 


Looking  for  ?.  number  pattern  in  this  table  we  observe  that 
1  +  1=  2,  2  +  2  =  4,  4  +  ^  =  7;  th^t  is,  in  each  case  in 
the  tabU"  whenever  three  numbers  /\  ♦        ^        *re  ,0~ 
cated  as  shown 


O 

A 

U 

"'hen  we 

A  >  O  ■  □• 

!t      a  ')i  t  nsxy  to  make  a  conjecture,  i.e.,  a  guess  as  to  * 
gener-1  result,  ustyg  such  scanty  data;  and  we  will  extend  the  table 
,      m<re  sA.ep  and  check  whether  our  observation  continues  to  hold. 
In  'd<  t,  wr-  w  11  proceed  in  such  a  way  as  to  show  why  the  observation 


4: 


of; 
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Thi  »  procedun  of  guessing  a  p^ttern  on  the  ba  is 
:f  experience  and  then  attempting  tc  verify  the  pat- 
tern is  part  of  the  process  of  thinking  back. 


We  proceed  to  provide  support  for  our  conjecture,  and  we  do  so 
ty  examining  the  cutting  process  in  letail  to  determine  how  new 
pieces  are  created.    Let  us  examine  the  addition  of  a  third  cut.  The 
three  new  pieces  (2A,  3A,  4A)  can  be  viewed  as  parts  of  old  pieces. 
Since  each  old  piece  can  be  divided 


(b)  (f) 

^nto  at  ^ost  two  pieces  by  a  new  cut,  the  most%desirable  way  of  mak- 
ing a  new  cut  is  to  have  it  go  through  as  many  old  pieces  as  possi- 
t le.    Thus,  in  slicing  the  disc  shown  in  (b)  with  a  new  cut,  we  might 
rope  to  cut  through  each  of  the  four  old  pieces  and  obtain  a  total  of 
eight  pieces.    However,  this  is  too  much  to  expect,  and  it  is  impos- 
sible for  a  new  cut  to  go  through  all  four  old  pieces.    The  diffi- 
culty is  tl-.at  the  new  cut  can  cross  each  of  the  old  cuts  at  ™>st 
once.    Therefore,  if  "  new  cut  crosses  both  portions  of  the  old  cuts 
bounding  the  c^ece  labelled  3  in  figure  (b)f  then  *t  cannot  also 
cross  the  portions  of  *he  old  cuts  which  bound  the  piece  labelled  1. 
The  best  possible  new  cut  '.an      viewed  as  follows: 

•  It  first  cuts  through  the  piece  labelled  2  and  creates  a  new 

pTe  e  2A. 

•  It  then  crosses  an  old  cut  and  creates  a  new  piece  3A  by  divid- 
ing the  old  piece  3. 

•  It  'hen  crosses  the  remaining  old  cut  and  "creates  a  new  piece  4A 
c     wlding  the  old  piece  4. 


Understand 
Plan 

Carry  mit' 

Th'ink  back 
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That  is,  the  new  cut  create*  a  new  pieo  (2A)  upon  Us  entry  Into  the 
potato  and  en  additional  new  piece  for  pacn  old  cut  1t  crosses,  a 
tota   of  three  new  pieces.    One  way  to  think  of  this  is  thaj^ 

F(3)  *  P(2)  +3  =  4  +  3. 

pieces  frofo  two  cuts  new  pieces  from  third  cut  | 

This  supports  the  conjecture  made  on  page  ST2-4. 

Let  us  continue  the  argument  one  more  step  and  consider  four 
cuts.    Again,  let  us  begin  with  the  best  possible  set  of  three  cuts 
and  add  a  new  cut.    The  new  cut  will  create  a  new  piece  initially  and 
an  additional  new  piece  for  each  old  cu*  it  crosses.    It  can  cro>s  at 
most  three  old  cuts  (that  is  all  there  are),  and  therefore  at  most 
four  new  pieces  Coo  be  created.    If  four  new  pieces  can  be  created, 
then  using  our  notation  this  ran  be  expressed  as  P{4)  =  P(3)  +  4. 
Sine?  P{3)  =  7  we  conclude  that  P(4)  *  7  +  4  =  11.    The  table  can  be 
expaided  and  we  have 


n 

0 

1 

2 

3 

4. 

P(n) 

1 

2 

4 

7 

11 

In  tact,  on^  can  posits  four  cuts  so  as  to  achieve  11  pieces.  Try 

to  dd  so. 

We  can  finish  up  the  original  problem  by  using  the  conjecture 
as  if  it  were  established  fact.    (Indeed,  one  can  "prove"  or  "demon- 
strate" that  the  conjecture  ir  a  true  statement  by  a  logical  argu- 
ment.)   The  conjecture  leads  to  tne  conclusion  that  with^five  cuts  we 

have 

P(5)  -  P(4)  +  5  =  11  +  5  =  16, 
and  finally  with  s^x  cuts, 

P(6)  =  P(5)  +  6  -  U  +  6  -  22. 


ST?  6 


458 


-17- 


A  figure  which  sh< ws  that  P(6)  is  <t  least  22  is  given  below.    It  can 

be  shown  that  P{6;  is  exactly  ,?. 

\ 


^vl8  \ 

19  J 

*  •nather.atical  footnote 


Th-  conjectjre  that  for  each  Ihree  rubbers  /\  ,        anu  L] 

A  *  O-  □ 


situated  as 


1 


n 


A 


in  tl»e  tole  we  have 


can  be  torp,j  "c»te-  rx>re  orecisely  3- 


ni  J    .'  p 

0,1, 

2, 

for  thf 

table  wi t 

0  = 

:,. 

6. 

n 

0 

1 

3 

5 

6 

P(n) 

1 

2 

7 

11 

16 

22 

Ca-  ■  *i«<!  a  formula  for  P(n)  in  terms  of  n?  (Hint:  It  may  be 
helpfiT  lo  use  the  relation  P(n)  =  n  +  P(n  -  1).) 
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HANDOIT  FOR  STRATEGY  3 


This  i;  an  example  of  a  problem  in  which  .t  is  helpful  to  decompose 
the  original  problem  into  a  ru.r.bet  tt  sd&  lal  cases.    This  metnod  of 
attack,  that  is,  the  separation  of  a  prob-em  into  a  number  of  sub- 
problems  or  special  c?ses,  is  our  Strategy  3.    In  this  instance  the 
criterion  which  ^s  used  to  decompose  the  original  problem  into  spe- 
cial cases  is  fairly  obvious,  namely,  tne  number  of  straight  line 
segments.    Each  Special  case  is  studied  separately,  and  the  solutions 
o*  a11  cases  are  then  combined  to  give  a  .olution  of  the  original 
;r0H>1(    In  tiis  examp*  ?,  as  often  happens,  eitner  the  results  of 
the  stidy  of  roe  special  case  or  the  methods  developed  to  study  that 
case,  >r  both,  are  helpf.il  in  the  other  cases.    In  the  future  we  will 
refer  to  this  approach  as  the  strategy  of  attacking  special  cases, 

Ii  the  d'scussior  of  problem  1  of  Activity  3 
which  follows  we  refer  to  a  straight  line  segment  con- 
necting two  dots  as  a  connection.    The  introduction 
of  terminology  of  this  sort  freauently  facilitates  the 
communication  of  ideas  and  may  substantially  shorten 
the  problem-solving  process.    Following  tie  proposed 
/jp^/jmpgc  \  +  inn  Qf  jnp  oncina^  D^ob^em  we  con s  ; dt?r 
several  cases,  each  corresponding  to  a  fi<ed  number  of  connections. 

Case  I:  One  connecter.,  tf*  Mig  the  definition  of  "different'1  intro- 
duced in  the  statement  of  the  p**oL  we  see  that  there  is  only  one 
way  in  wVch  a  sing1?  connection  c?*  be  PMdP, 

A 


C  ♦  •  r  i 
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There  is  no  figure  having  only  one  Connection  which  is  different  from 
this. one.    That  is,  every  other  figure  with  a  single  connection  can 
be  ootained  from  this  one  by  relabel  ing  the  dots. 

Case  II;  Two  con,  ectio'is.  There  are  two  different  ways  1n  which  two 
connections  can  be  maoe. 


E 'ery  ficjre  with  two  connections  can  be  relabelled  to  have  the  same 
onnectK'is  as  exactly  cne  of  these  cwo  figures.    The  f  rst  of  these 
figures  cannot  be  relabelled  to  have  the  same  connections  as  the 
second.    Theoe  figures  can  be  viewed  as  arising  from  the  figure  in 
Cise  I  by  adding  a  new  connection  in  two  distinct  wtys.    What  are 
tnese  distinct  ways? 

C(jse  III:  Three  connections.  h\or e  are  four  different  possibilities 
^■1  th"»s  case. 


STV 
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How  can  these  four  possibilities  be  identified?   One  method  is  to  use 
the  idea  introduced  at  the  close  of  the  discussion  of  Case  II.  That 
:s,  consider  each  of  the  two  different  figures  with  two  connections 
end  ask  "Where  can  a  third  connection  be  added?"    Figure  (a)  can  be 
cbtained  from  either  of  the  figures  of  Case  II,  as  can  figure  (b). 
Figures  (c)  and  (d),  however,  can  be  obtained  only  from  the  first 
figure  of  Case  II.    In  each  instance  verify  how  the  figure  ((a),  (b), 
(c),  or  (d))  can  be  obtained  Oon  one  of  the  figures  in  Case  II. 

Case  IV:    Four  connections.    We  continue  to  use  the  idea  which  proved 
effective  in  Case  III.    That  is,  we  examine  each  of  the  figures  in 
Case  III  and  we  ask  where  another  connection  can  be  made.    To  begin 
we  consider  figure  (a)  in  Case  III  and  we  ask,  'Where  can  a  Tourth 
connection  be  added?"    There  are  the  following  possibilities:  .  (The 
fourth  connection  is  shown  as  a  dashed  line.) 


Eich  of  r  lese  possibilities  is  diffe  ent  from  the  remaining  three, 
d'j  a^y  <  ;her  figur-  resulting  from  the  addition  of  a  fourth  connec- 
t  on  to     g"re  (a)  « an  be  relabelled  so  as  to  be  one  of  these. 
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*  Continuing,  we  consider  figure  (b)  o<  Case  III.  There  are  the 
following  possibilities  for  a  fourth  connection: 


B  E 


(1) 


-•c 


(can  be  relabelled 

,  as  (h)), 


(can  be  relabelled 
as  (g)) 


0*  these  three  figures  on.y  the  one  labelled  as  (i)  is  new,  that  is. 

different  W(e),  (f).  (9).  and  (h)" 

NejCt,'  if  we  begin  with  figure  (0  0"  Case  h!,  then  there  are 

the  fallowing  possibilities. 


/ 
/ 
I 

t 

t 
I 


J 


(can  be  relabelled 
as  (h)) 


(can  be  relabelled 
as  (e)) 


\ 


Of  tnese  three  figures.  on!y  the  one  labelled  as  (J)  is  new  In- 
ly if  we  begin  with  figure  (d)  of  Case  III.  then  the  resulting  fig- 
ures can  be  relabelled  as  (e)  and  <«).    Weed,  they  are: 
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(cin  be  relabelled 
as  ;e)) 


D»-  «C 

(same  a-s  a(i )) 


Throughout  this  discussion  the  connections  drawn  as  dashed  lines 
are  to  be  considered  the  same  for  purposes  of  relabelling  as  those 
drawn  as  solid  Titles.    The  dashed  lines  were  used  only  to  distinguish 
the  added  connections  at  each  step. 

Surma  ry 

Then  is  one  way  to  make  one  connection. 

Then'  ane  two  different  ways  to  make  two  connections* 

Then»  are  four  different  ways  to  make  three  connections. 

heni  are  su  different  ways  to  make  foir  connections. 
Therefore,  tnere  are  1  +  2  +  4  +  6  -  13  ways  of  making  four  or  fewe< 
conn  actions . 

The  important  characteristic  of  ttrs  strategy  is 
the  systematic  reduction  of  the  problem  into  subprob- 
lems  or  special  cases.    The  solution  of  aU  the  spe- 
cial cases  provides  the  solution  of  the  original 
problem.    It  may  be  that  the  method  developed  to 
handle  one  special  case  will  also  torjc  for  *  lers,  or  , 
it  may  be  that  several  different  methods  are  needed  for  different 
cases.    In  this  example,  we  found  the  results  of  the  analysis  of  one 
soecial  cast  to  be  ver-/  helpful  in  analyzing  the  next  case* 

Wher ' is  the  strategy  helpful? 

Again,  there  is  no  easy  way  to  aescribr  the#problems  for  which  this 
strategy  is  particularly  useful.    Some  examples  may  be  helpfuV. 
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1.  In  graphing  problems  it  is  somettnes  helpful  to  distinguish  the 
cases  in  which  the  variable  is  positive,  negative,  or  zero. 

2.  In  geometry  problems  one  might  want  to  consider  separately  cases 
in  which  a  triangle  is  acute  or  obtuse. 

3.  In  number  theory  problems  one  might  consider  separately  the 
cases  .in  which  certain  numbers  were  even  or  odd,  or  multiples  of 
three,  etc. 

A  word  of  caution 

In  using  this  strategy  It  is  important  that  all  of  the  relevant  spe- 
cial cases  are  analyzed.    If  a  problem  is  decomposed  into  »  number  of 
su)>problems,'  it  is  necessary  that  the  solution  of  the  original  prob- 
lem be  obtainable  from  the  solutions  of  the  subproblems.    It  is  some- 
times easy  to  overlook  one  or  more  special  cases,  in  which  event  ' 
the  original  problem  may  not  be  completely  solved. 
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MOD  218     Problem  Solving  II 

This  MUD  provides  further  experiences  in  problem  sol  vim;.  HKKKKOl'  ISJ  j'M:  MPU  217 
OBJECTIVES: 

At  „thv  completion  of  this  MOp,  5^?V1 1  be  able  to: 
I.  .  Folve  problems  vPJthout  previous  Mowledgo  ot  whieb  strategy 
'  •  to  use. 

?.     Demonstrate  problem-solving  skills 
3,     Help  ».hildren  solve  problems. 

INSTRUCT!  TONAL  REF^ENCHS  AND  MA L TRIALS: 

1 .    M: iP ,  ProM ot.  Sol vi rig_ 

7..     blocks  in  three  colors,  bit. t.Ks  lor  bn\Ld:n:.   a  rriin^al.ii 
py  r am  i  d  »   ^  r  i c  p aper ,  p  1 < 1  y  im  > \ t c y 

pr'jci  % 

1.     i.i  >!Mi\   1'iubLei    SoU  mf;t  do  Aet  j  vi!  K-.,  4,    ;,  aia!  n, 
J.     I*i nd  ur     :  e.  r.t   a  ;uzzlo  th.-i   ri'Ouiae-,  I  lie  n (a    :  pr«>b"  .1- 
^]  sir  t  e^  y .     Km  : i  la t  e  1 1    t" •  •  i    \  i  * i ;  flit. 

t*t::ai  A.se'"r.syhNi : 

i,     Ta'ia;  .i  1  ;/'ar   sheets  ana  ->onr  pi./7'o  to  t'a1'  f/aiitntion.  f 
.     f.«/  abJ  e  id  a;v»wi.r  al*   -ii-osm.,,,       *  »•  *  :o        L  u-  "''utI  la  ■  .  ^ 
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KOD  -    1    Weather  and  the  Coriolis  Effect 
Inlerring ,  predict  Lng 


I  REREQ  JISITE:    Our  PLuu  t_  ;-i  >p.K-c 
2  3-.   and  ?36." 
in  which  the  earth  rotates 


v  Nav.irra  and  Strahlor,  pp.  102, 

Know  the  direction 


OBJECT [VES: 


1. 


2. 


Given  a  rotating  table  ao<*  chalk,  you  will  be  able  to  demonstrate 
the  Coriolis  Effect  on  both  a  clockwise  and  counter-clockwise 
"spinning  table." 

You  will  be  able  to  relate  the  motion  of  the  spinning  table  to  the 
rotating  earth  by  demonstrating  how  the_eartb  appears  to  be  moving 
both  clockwise  and  counter-clockwise  as  seen  from  (a)  the  north 
pole,  and  (b)  the  south  pcle. 

ter  demonstrating  the  Coriolis  Effect  on  a  rotating  "able,  you 
should  be  able  to  predict  how 

a)  a  "south  bound  wind"  is  deflected  in  the  northern  hemisphere; 

b)  a  "north  bound  wind"  is  deflected  in  the  northern  hemisphere; 

c)  a  "south  bound  wind"  is  deflected  in  the  southern  hemisphere; 

d)  h.  "north  bouno  wind1'  is  deflected  in  the  southern  hemisphere. 
I.    Gi^en  a  weather  map  for  a  particular  day,  you  will  be  able  to 

pr«  diet  t  ie  weather  trend  in  your  locality  for  the  following  two 
da:s,  incorporating  knowledge  that  pertains  to  prevailing  winds, 
lu*:al  wind  shifts,  temperature  changes,  and  precipitation 
possibilities. 

INSTRTCTIQ&iL  REFERENCES  6  MATERIALS^: 


On  -    PI  -in.  I  mi 


!»    \h/^r'i  and  Srrihler  ir\  Resource  Center 


I!.    Earth  globe  ; 
J.    ESS  spinning  table,  chalks 
i\m    Newspaper  weather  map? 

FINAL  ASSESSMENT: 

*>ee  objectives  above.  * 


4f;v  ' 


MOU 


-2- 


PROCEDURt: 


ERIC 


If  a  child  asks*  "What  :auses  :he  wind?.'  1-  woul.  you  answer  as  an  elenentary 
teacher?    Sometimss  the  answer,  "The  wind  t.r..'S  because  the  air  mo*es,'  is 
given.    But  9  movement  of  air  is  the  definicion  of  wind  and  does  not  include 
the  cause.    Therefore,  :his  response  does  not  real:  y  answer  the  qaestiot  . 
Air  moves  because  of  forces  acting  on  it.    These  f < rces  cause  air  to  mo\e 
vertically  or  horiaontaLly  across  the  earth,  creat.  ng  general  wind  patterns 
called  the  prevailing  winds,  for  e^mple,  the  trad<  winds.    Keep  these  cuestions 
in  mind  as  you  do  the  activities  in  this  M*!).    Wha.  effect  does  air  preesure 
have  on  wiqd  direction?    What  effect  does  convection  have  u  >n  wind  direction. 

Study  the  diagram  below  showing  a  cro^s- section  of  the  earth  and  its  atmosphere 
to  answer  the  following  questions. 


V 

-  rs> 


\ 


?      I  r.i-»tor  is>*  ; 


>u  \ —  -   -  -  -  /  r  ,r ; 


/  1 


\ 


\  /*'  •    — Atmosphere  Current 

60°  V  -    -  -  >'il/  '  Direction 

 ,  '  '     /  , 

90°  V 


1.  Why  doe3  air  rise  above  tH*  rvuntor? 

2.  What  happens  ;to  the  tenporatur*  of  .Ur  as  it  rlsf-s? 

3.  How  does  thiWcm^orature  coarse  .-.race  che  density  of  riding  air? 

4.  What  causes  the  air  tc  detenu  to  t.;u  earth,  for  example,  at  latitudes 
30°,  90°? 
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If  the  earth  were  not  rotating         ;^:evaz    -3  win  Is  would  be  no*-  lm  or  i  outh 
winds.    However,  the  earth  is  rot<:tin$;  anu    *  Is  ca  ;ses  a*  deflection  of  he 
winds  away  from  their  original  paths.     Thi.:  ~±fect  known       the  Ccrioii: 
Effect  is  determined  by  the  direction  that    --s  ear  :h  rotates  and  the  original 
direction  the  wind  moves.    You  will  observe^IToV^th is  effect  works  in  one  of 
the  following  activities. 

Answer  these  items. 

1.    Describe  the  direction  of  earth  rotation. 


2.    Cite  physical  (natural)  evidence  for  the  direction  of  rotation.  ^ 


Prevailing  Winds  of  Western  .M-ir.,ky 

Examine  a  series  or  weather  maps  irum  any  regional  u«iily  newspapei  or  the 
bulletin  board.    You  will  note  that  the  high  and  !cv  pressure  cells  approach 
^"efttrn  Kentucky  from  a  certain  general  Erection.    Also  notice  the 

directions  of  winds  moving  around  nigh  pressure  avi  low  pressure  cells. 

Cor lolls  Effect 

V 

The  rotation  of  the  earth  has  a  direct  influence  on  the  prevailing  winds.  As 
wa3  previously  noted,  the  prevailing  winds  would  be    jrth  or  south  if  the 
earth  were  stationary.    They  *ref  however,  deflected.    It  is  hoped  that  this 
exercise  will  point  out  how  this  deflection  occurs* 

1.    Use  the  ESS  spinning  table  and  chalk.    Spin  the  table  counter-clockwise. 
While  lae  table  is  spinning,  attempt  to  draw  a  straight  line  from  the  side 
of  the  table  closest  to  you  tn  the  side  farthest  away.    See  diagram  below. 
The  line  will  be  deflected;  that  is,  it  will  not  be  straight.    Has  t\e  line 
been  deflected  to  the  right  or  the  left  of  its  original  p^th?  


Counterclockwise  Spinning  Table 


Ltart  r  Chalk  Mark 


Your  Position 


bOD 


4«: 


Spin  the  table,  again  coui.ter-clockwiae,  b--  This   :ime  attempt  to  draw  he 
line  from  the  far  side  of  the  table  to  the  .  :Je  ne  irest  you,    Whith  way  has 

the  line  been  deflected  relative  to  its  or2-»ngl  pith?   '  See 

lagram  below. 

Counterclockwise  Spinning  Tab"  e 


Start    *  Chalk  Mark 


Spin  the  table  cloc 
from  you.    Which  way 
from  you? 


Your  Position 


se  3nd  repeat  u cawing  the  lines  toward  you  and  away 
the  line  been  deflected  when  drawing  the  line  away 
Toward  you?    Is  the  direction  that  you 


draw  the  line  a  factor  in  causing  different  directions  of  deflection?   

Is  the  direction  of  rotation  of  the  table  a  factor  influencing  the  direction 

of  deflection?    How  does  speed  of  rotation  influence  the 

deflection? 


2.    Ufing  an  earth  globe,  imagine  yourself  out  ii>  space  looking  "down"  it  the 
north  pole  of         earth.    Would  the  earth  appear  to  be  moving  clockwise  oc 
counter-clockwise?    Name  its  apparent  direction.   

Now  look  at  the  scuth  pole  of  the  earth.    From  your  vantage  point  in  space, 

how  would  it  seem  to  rotate?  Use  this  information  to  summarize 

the  exercise  with  the  table  and  to  poir.c  out  the  analogy  between  the  spinning 
earth  and  the  spinning  table.     Important  points  to  include  in  your  analogy 
are: 

Thp  analogy  of  the  direction  of  rotation  and  the  hemisphere  of  earrh. 
The  analogy  of  the  direction  of  chalk  ^ark  and  the  direction  cf  wind. 

You  may  use  the  reverse  side  of  tnis  paper  to  write  your  analogiea. 

•f 
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3„    Finally,  erL  2  all  chalk  marks  on  the  t     e  *nd  draw  a  circle  n^rox  mately 

one  inch  in  diameter  as  near  to  the  center  -    /ou  cm  estimate.    Flint  a:.  ,,LM 

in  the  middle  of  this  circle  to  indicate  a        pressure  area-    Sucl  an  a:  ea 

on  earth  has  less  atmospheric  pressure  than  the  surrounding  air.    ] ecaus »:  high 

pressure  air  moves  into  lower  pressure  regions,  you  will  be  drawinf;  line;,  from 

the  edge  of  the  table  tc  the  circle  in  order  to  sio  ilate  the  Corio]  is  Ef  ect 

on  a  low  pressure  cell*    Attach  paper  so  that  cc>nte    of  pape  *  covers  circle  drawn 

on  center  of  bonrd.  > 

( count erclocKwise;  —        M        .     .  . 

Spin  the  table^ith  your  paper  attached  to  it.    Kee>  it  spinning  w.th  ont 

hand  and  attempt  to  draw  lines  rapidly  toward  the  canter  cir\«.    Do  this  until 

a  pattern  emerges.    This  pattern  will  represent  a  low  pressure  eel  (cyclone). 

Compare  this  with  the  high  altitude  pictures  in  ESCP,  Investigating,  the  Earth* 

pp.  164-167.    Do  you  notice  any  similarities?    Differences?   

How  would  the  "in  rushing"  wind  affect  the  air  in  the  center?   _ 

Would  it  move  the  center  air  clockwise  or  counter-clockwise? 

  In  spinning  the  table  counter-clockwise*  you  have  simulated 

the  Coriolis  Effect  for  a  particular  hemisphere.    Which  hemisphere?   

Repeat  the  same  procedure,  but  spin  the  tabxc  rlockwisa.    Your  pattern  should 
represent  a  lav:  pressure  cell  in  which  hemisphere?  

4.    In  your  immediate  environment  there  is  other  evidence  of  the  Coriolis 
Effect.    For  example,  water  goes  down  the  drain  a  certain  way  in  the  northern 
hemisphere.    Go  to  the  nearest  lab  sink  and  observe  this  swirl  pattern.  Does 

the  water  swirl  clockwise  or  counter-clockwise?  m  Does  this 

phenomenon  correspond  to  a  high  pressure  or  low  pressure  cell?  _^  

In  an  appropriate  place  observe  a  cigarette  smoke  pattern  in  calm  ai*.  If 
possible  try  to  observe  this  phenomenon  from  above  and  report  the  direction 

that  the  smoke  seems  to  spiral.    Is  it  clockwise  or  counter-clockwise?   

Does  the  spiral  of  the  smoke  correspond  to  a  high  pressure  or  low  pressure 
cell?    How  do  you  think  the  spiral  occurs  in  the  southern  hemisphere? 


-6- 

Revicw  on  the  back  of  this  page  the  analogy     tweer  the  activity  *•  .th  th! 
spinning  table  and  the  vind  patterns  of  the  :;rth  a  shown  in  the  Lllust ratior 
below.    Stress  the  reason  for  the  deflectiot-  ''ireclion  of  each  of  :he  sic 
zones  in  the  illustration. 
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MOD    220    Preparation  iVr  Video  Lest>on  on  N......*:r  II  lory 

This  MOD  is  designed  to  plan  a  short  lesson   ...  some   area  of  number  theory 
You  should  form  groups  .»f  four  to  ei^ht  students  f(  r  this  MOD  and  llso 
MOD  221. 

OBJECTIVES: 

At  the  completion  of  this  MOD  you  should  ue  at  Le  to: 

1.  Plan  a  lesson  utilizing^Lnquiry  teaching,  questionxng,  an  1 
"hands-on"  materials. 

2.  Teach  a  small  group  with  a  degree  of  confidence. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Number  Theory 

2.  16  mm  film  projector  and  video  tape  player 

3.  References-  and  materials  in  Resource  Center 

4.  MMP,  Math  Tape  if 5  in  Resource  Center 

5.  F i I?" ,  T  Do  and  1  Understand  Resource  Center 

PROCEDURE: 

1.  Read  Section  B,  "General  Methodology  Competencies  for  the  Teacher 
uf  Elementary  Mathematics,"  included  in  the  MOD. 

2.  View  the  videotape,  MMP  Math  T*pe  #5  and  the  film,  I  Dc  and  I 
Understand  * 

3.  With  your  group  discuss  the  filmed  classes  using  as  guidelines 
the  competencies  mentioned  in  procedure  //l. 

4.  Develop  a  lesson  plan  for  25-30  minutes  to  be  used  in  MOD  221. 
Include  in  the  plan:  a)  TitLe    b)  Description  of  the  class  with 
general  ability  and  grade  level    c)  Content  and  process  objectives 
d)  Materials  needed    e)  Introductory  activities    f)  Procedure  and 
g)  Evaluation  plan. 

FINAL  ASSESSM^: 

After  you  have  develc^d  your  plan  discuss  it  with  one  of  the  ISMEP 
faculty  members  and  have  it  approved  before  proceeding  with  MOD  221. 
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SECilON  3 

Gene  r  cj  1  Method  o  1  ogj  Compete  nc  les  far  n»«  ■   *  ■  *  t  c  he  r  of  Eleirmtary  M  it  he:  latics 
The  elementary  school  mathematics  teach-' 

1.  when  given  a  1  st  of  alternatives  r  ^  teaching  mathematics  to  ciildren,  will 
be  able  to  dentify  those  alternatives  the t  are  more  conducive  :o  an  inquiry 
style  of  teach  ng. 

2.  when  in  a  mathematics  teachi-g  role  in  th€  actual  classrrmi,  wiLl  be  able  to 
create  situations  that  incite  enthusiasm  by  the  children.    The  ibility  to 
•'incite  enthusiasm"  will  be  evidenced  by  the  folloving  ty:>es  of  behavior: 

fa)    children  respond  eagerly  to  the  teacher's  directives. 

(b)    children  ask,  or  by  their  behavior  imply,  curiosity  type  questions 

such  as,  "what  if . . .  ?'J"can  I  do  it?,"  "let's  do  this  and  see^  what 

happens,"  "don't  show  me,  let  me  figure  it  out!" 

3.  when  in  a  teaching  role  in  the  actual  classroom,  will  employ  diverg^it  _____ 
questions  in  initiating  a  student-centered,  mathematics  l<»arnin# 
experience.  #r- 

4.  will  invite  children's  participation  in  ai.  activity  through  questioning 
rather  than  lecturing. 

5.  will  be  able  to  encourage  exploration  and  systeinization  and  discourage 
haphazard  generalizations  by  children. 

6.  will  be  able  to  respect  and  acknowledge  contrary  opinions  expressed  by 
children  when  such  opinions  can  be  demonstrably  based  on  a  logical  sequence 
of  thinking. 

7.  will  be  able  to  withhold  value  judgements  of  children's  answers  when  lack 
of  expression  of  such  value  judgements  leads  to  more  discussion  and/or 
exploration. 

8.  not  only  permits  but  encourages  discussion  among  children  when  an  activity 
is  in  nrogress. 

9.  will  be  adept  at  procuring  and  /or  modifying  materials  and  planning 
situations  necessary  for  "hands-on"  concrete  learning  of  nathetratics . 

10.  will  show  evidence  of  using  materials  and/or  creating  situations  to 
help  children  become  involved  in  concrete  mathematical  experiences. 

11.  will  emphasize  process  development  and  assessment. 

12.  will  recognize  that  understanding  is  more  important  than  getting  the 
answer  right . 
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MOD    221    Videotaping  and  Reviewing  Lesion 
PREREQUISITE:     MOD  220 

This  MOD  is  designed  to  provide  an  opportunity  for  you  to  conduct  * 
mini-simulated  teaching  experience  and  to  analyze  it  according  to  i 
set  of  general  teaching  competencies. 

OBJECTIVES: 

At  the  end  of  this  MOD  you  will  be  able  to: 

1,  Identify  some  competencies  where  you  have  greatest  teaching 
strengths.  . 

2.  Identify  competencies  which  need  more  practice. 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1 .  Video-recorder 

2*    Materials  in  the  Resource  Center 

3.  Lesson  plan  from  MOD  220 

4,  Resource  books  in  Resource  (-enter 

PROCEDURE : 

1.  With  your  working  team  of  four  to  eight  peers  identified 
in  MOD  220,  your  plan  developed  in  MOD  220,  and  equipment 
and  supplies  from  the  Resource  Center,  you  will  conduct  a 

^  short  activity-oriented  lesson  (approximately  30  minutes) 

while  the  lesson  is  videotaped. 

2.  After  all  members  of  the  team  have  been  taped,  the  team  and 
at  least  one  member  of  the  fSMEP  staff  will  view  the  tapes 
and  discuss  them  in  the  context  of  the  competencies  listed 
in  MOD  220.     Your  lesson  will  probably  not  involve  all  of 
the  competencies. 

FINAL  ASSESSMENT: 

The  MOD  will  be  completed  upon  review  as  outlined  in  "Procedure. " 
On  the  competency  sheet  from  MOD  220,  indicate  the  competencies 
with  greatest  strength  with  a  "+,"  those  needing  additional  w^rk 
with  a  and  those  which  do  not  apply  in  this  activity  witT  a 

"0." 
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MOD  222    Teaching  Children:  Science 

PREREQUISITES:    MOD  211  / 

This  MOD  is  designed  to  allow  you  and  your  partner  to  teach  the 
two-period  lesson  planned  in  MOD  211. 

OBJECTIVES : 

Given  a  group  of  8-10  elementary  children  of  the  gracie  for 
which  you  developed  a  plan  in  MOD  211,  you  and  your  ISMEP 
partner  will  teach  the  lessons  you  developed.    Each  partner 
should  assume  the  major  role  on  one  of  the  days.    At  the  con- 
clusion of  the  lessons  you  should  be  -able  to  identify  areas 
of  your  teaching  where  you  had  greatest  success  and  areas  where 
improvement  is  needed.    You  will  be  able  to  suggest  a  plan 
of  remediation  for  those  areas  needing  improvement.    Part  or  all 
of  the  lessons  may  be  videotaped. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS : 

1.  Plan  developed  in  MOD  211 

2.  Materials  identified  in  MOD  211 
3*    Video  tape  recorder  if  needed 

FINAL  ASSESSMENT:^ 

Each  team  should  sign  up  for  a  review  session  with  the  instructor 
as  soon  as  possible  following  the  teaching  experience. 
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MOD  223    Probability  in  the  Elementary  Scho- ■   •  I 

This  MOD  continues  with  the  basic  concepts  c:  proba dlity. 

OBJECTIVES: 

At  the  conclusion  of  this  MOD,  you  will  be  abl i  to:  / 
1.    Understand  and  determine  pl  sample  space. 
2".    Understand  and  use  the  term  "event-11 

3.  Utilize  some  counting  techniques. 

4.  Compute  probabilities.  J 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

/ 

1.  MMP,  Probability  and  Statistics 

2.  Enrichment  Mathematics  for  the  Grades,  27th  Yearbook  by  NCTM 
PROCEDURE: 

1.  In  MMP,  Probability  and  Statistics,  do 
Activities  4:  Parts  1,  2,  3,  4,  b,  and  6 

5:  Parts  I ,  2,  3S  4,  and  6 
6:_  Parts  i,  2,  3,  4,  and  % 

2.  Plan  a  game  or  activity  for  determining  probability  as  yoi 
learned  in  Activity  6  in  the  MMP  book. 

FINAL  ASSESSMENT: 

1.  Bring  all  work  sheets  and  the  activity  to  the  evaluation. 

2.  Be  able  to  answer  all  questions/relative  to  objectives. 

\  ' 
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MOD  224    Probability  in  the  Elementary  School  111 

This  MOD  deals  with  children  handling  the  concept  of  probability. 

OBJECTIVES: 

At  the  completion  of  this  MOD  you  will  be  able  co: 

1.  Have  insight  into  the  child's  view  of  probabilistic  situat  ons. 

2.  Introduce  orobability  concepts  to  children  by  the  use  of  games. 

3.  JJse  probability  models  to  understand  real-world  Situations 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 


\ 


1.  MMP,'  Probability  and  Statistics 

2.  Enrichment  Mathematics  for  the  Grades,  ?7th  Yearbook  ot  NCTM 

3.  Spinner,  papei ,  colored  pencils  (If  not  found  in  MOD  tray,  locate  in 
'  '       •  *  Resource  Center) 

PROCEDURE: 

In  MMP,  Probability  and  Statistics,  do  *  7 

Activiti^  7:  Parts  1,  2,  and  3 

8:  Parts  \a,  b,  and  2  (laminate- game) 
1    9:  Problem  A  (1,  2,  and  3),  Problem  B  (1  and  2),  General 
Questions  (1) 


4) 


FINAL  ASSESSMENT: 


Bring  all  work  sheets  and  constructions  to  -the  evaluation, 


I 


476 


MOI  224 


ERIC 


./ 


flO/DULE  225  HISSING  FROM  DOCUMENT  PRIOR  "TO  ITS  BEING 
J  '        SHIPPED  TO  EDRS  FOR- FILMING.  . 

'  BEST  COPY  AVAILABLE.  * 
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MOD  226  BuiLding  Teaching  Gamei; 

This  MOD  will  allow  you  to  explore  the  garut...  lu  the   Resource  Center 

and  suggested  games  in  reference  materials   re  aid  permit  you  to 

copy  or  create  similar  j;ames  for  a  class  rouiu  on  tie  grade  level  ii 
which  you  ate  interesteu.         *  * 

OBJECTIVES: 

Upon  completing  of  this  MOD  you  will: 

1.  Be  familiar  with  games  that  are  currentl/  beinft  u.,ed  in 
many  mathematical  learning  situations 

2.  Have  a  permanent  nucleus  of  a  collection  of  games  for  your 
elementary  students 

3.  Have  a  new  appreciation  of  the  significance  of  teaching 
mathematics  through  the  use  of  games, 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS:    (No  MOD  tray  for  this  MOD,  find  all 

needed  materials  in  Resource  Center) 


1. 

Brevarrf  County  Lamps 

2. 

NCTM  Games  and  Puzzles 

3. 

Cratty:    Active  Learning:  Games 

to  Enhance  Academic  Abilities 

A. 

Bitter,  Mikesell,  and  Maurdeff: 

Games . and  Ideas 

5. 

Kennedy  and  Michon:     Games  for 

Individualized  Mathematics 

Learning  ; 

6. 

Let's  Play  Games 

7. 

Make  It  and  Take  It  Games 

8. 

Ball  and  Coxeter:  Mathematical 

9: 

Garocc  in  ISMEP  'Resource  Center 

Recreations  and  Essays  ^ 

10. 

Construction  paper 

11. 

Telt  tip  pens 

12. 

Poster  paper 

13, 

Ruler 

14. 

Lamina tor 

15. 

Copier 

PROCEDURES: 

1*     (a)  Review  game  activities  in  the  Brevard  County  Lamp  for  the 
grade  that  you  teach. 

(b)  Review  games  in  the  Center. 

(c)  Familiarize  yourself  with  several  of  the  reference  books. 

2.     Select  the  mathematical  topics  for  which  you  would  like  to  hav«i 
games  to  us^r 

3*    Make  at  least  five  to  six  games  for  your  permanent  collection. 
4.    Make  copies  of  instructions  for  at  least  ten  other  games  that 
appeal  to  you. 

FINAL  ASSESSMENT: 

Bring  all  -games  and  materials  to  the  evaluation  session. 
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MOD  22/    Teaching  Children:  Probability 
PREREQUISITE:    MODs  214,  223 
OBJECTIVES: 

1.  Plan  a  lesson  suitable  for  four  to  fi*Te  fifth  grade  elemen'  ary 
stu^fents, 

2.  Teach  the  lesson  to  four  or  five  students. 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Indiana  Model  Teaching  video  program,  "Introduction  to  Probability11 

2.  Elementary  mathematics  textbooks,  found  in  Resource  Center 

3.  MMP,  Probability  and  Statistics  "r 

4.  Video-tape  recorder 

PROCEDURE: 

1.  View  the  video-tape:     "Introduction  to  Probability.1' 

2.  Plan  your  lesson  for  four  to  five  fifth  graders  on  some  basic 
probability  concepts. 

3.  Consult  with  the  instructor (s)  relative  to  your  plan. 
•  4.    Teach  your  lesson  at  an  announced  time  and  place. 

FINAL  ASSESSMENT: 

Your  instructor  will  discuss  and  evaluate  th~  teaching  experience 
with  you. 
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MOO   H'1   Collecting  did  Cla=.«*iy-n,;  Lib- 
Classifying 


OB.TT.CTTVL 


Select  cither      j  .  

1.    Given  a  collecting  net  a^d  Killing  Jar,  yon  will  ,cllo       id  mtify 
the  order  names,  and  properly  trount  for  display  enough  insects  to 
accumulate  at  least  40  p<;ints. (^Points  accumulate  as  follows: 
3  points  for  each  different  order  repre  sen  tot! ;        ;int  t  for  aach 
irsect  identified  according  to  its  family  uduie  (no  ^   '   n  naTXs). 

C-t   ~    «rl  1n^^n„  a,w.    MlHno    4  a**      VftM  wl  1  i    Collet  *L 

least  20  different    nsec:s  (noi  spiders)  for  which  you  eiuier 
know  or  can  easily  iind       ;  coition  names.    You  will  then  create 
ho  identification  kev  silicate  ;~r  graces  J-G. 


TN STBUCTT ONAL  REFERENCES  &  MATERIALS' 


1.  Insect  net,  killing  :ar, 
ins  ecu  pins,  liibeit  mOur 

2 .  Jaques  *  How  to  Yi\cms_  th£_ 

3.  Jaques,  How  to  Know  t.hf 

4.  Zioj  and  Cottar,  A      1  .ier 


•utiu^  insects,   insect  label 


r.-»  Anicvl^n  Insects 


Fi^AL  ASSESSMENT": 

Bring  to  your  Instruct?    the  noun  cud  labeled  collection,     Yf  you 
selected  objective  1,         will  demonstrate  your  proficiency  at 
using  an  insect  k?v  by  folic  vuv  the  traits  of  an  insect  of  your 
ci.Mce  through  tiw  key.     Ti  /ou  .^iect-d  objective  2,  the  instructor 
wx.l  attest  to  iatr.tlfy  a  :  inaoo  insect  froir.  your  collection  by 
using  your  kev. 
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PROCEDURE: 

To  collect  insects  one  must  have  a  few  t~  r  pi.  ccs  of  ee-ip^n;  such  as 
collecting  net  and  a  killing  jar.    Some  idling  jars  use  a  poster  o  Parir. 
base  saturate.!  with  a  poison.    When  an  insert  ir   caught  in  a  nev  it  is 
immediately  transferred  t0  the  killin8  )ar  for  '  qulcK  Ktli'    L'M  ^'^ 
kill  la    the  better  a/111  be  the  conditions  of  tie  specie *r .  uer. 
precautions  must  be  observed  when  the  poison  is  one  like  a  compound  c    cyan do*. 
This  substance  is  a  "fast  killer"  of  insects  an,   it  is  also  a  fast  k of 
humans  if  it  is  introduced  into  the  blood  strean.    The  „i  -  precaution  that 
one  must  observe  xn  using  a  cyanide  killing  jar  is  that,  .    t  ,-         t.ea.^  - 
if  it  is  dropped,  for  example,  the  person  should  use  extra-*  ea        ;  c. 
up  the  broken  glass.    Do  not  touch  such  glass  with  your  nar.u  hrcaur.  J,    »  m.t; 
P*t  cut  with  a  cyanide-coated  fragment.    Obviously  this  type  of  jar  would 
,.'t  be  suitable  for  elementary  children,  so  in  this  MOD  we  will  use  a 
raiativelv  safe  type~of  jar  containing  etnyx  acetate.    This  sub..tance  rcqarfu- 
about  the  same  precautions  as  rubbing  alcohol,  tnat  is,  it  is  .  ^.n  ai  t., 
it  should  not  be  -taken  internally  and  it  should  not  be  inhaled  over  a  .ong 
period  of  time.    Also,  keep  it  out  of  the  .  "  »cJ.  of  small-  children. 

To  cake  a  killing  jar  for  small  insects,  for  ex*»«ic,  liies,  bees,  etc  fill, 
the  bottom  of  a  baby  food  jar  or  similar  jat    -ch  *  in    to  1  In.  of ' 
of  Paris  and  wait  uncil  it  hardens.    When  it  has  set,  dry  it  thoroughly  in 
an  over  or  on  top  of  a  warm  air  vent.    When  the  plaster  i*  completely  dry 
TJZl I  it  with'.thyl  acetate  and  pour  off  the  excess  liquid 
the  jar  tightly  covered  so  that  it  will  last  as  a  killing  device.    The  jar 
may  later  be  "revived"  by  adding  more  ethyl  acetate      Instead  of  a 
baby  food  jar,  a  jar  with  a  smaller  neck  that  coulo  be  plugged  w    h  a  cork 
would  be  even  more  suitable.     In  this  MOD  you  will  be  supplied  with  the 
plaster,  ethyl  acetate  and  a  jar.    You  will  actually  construct  the  killing 
jar  for 'experience.    Usually,  ethyl  acetate  can  be  obtained  at  drug  stores. 
Other  substitutes  are  available,  for  example,  carbon  tetrachloride,  benzene 
or  gasoline,  but  these  items  should  also  be  used  with  cautica. 

Upon  request,  the  instructor  will  sign  out  a  collecting  net  to  the  «:  idea!. 
Each  student  may  collect  and  trade  insects  with  other  students  in  k  ,  .l-.s, 
hut  each  student  will  present  for  inspection  her  completed  coUu ;t xt> >  .n 
this  collection,  each  insect  should  be  pinned  ana  labeled  acceding  to 
directions  presented  in  the  book.  How  cu  Know  the  Insects,,  pp.  w-.O 

Actually,  the  method  of  pinning  and  labeling  ir.secta  J.;  »m  hie  standardized 

for  the  purpose  of  easy  identification  and  can  be  fr-md  in  :.nst  he  f 3  on  

the  subject  of  insect  collecting.    Since  your  collection  wj li  not :  ** 
professional  type"  it  is  not  uece,sary  to  adhere  .tc.ctlv  to  the  ^'J™' 
However,  neatness  and  legibility  should  be  of.Ki*e  concern.     In^et  pin*  will 


v  a 


be  provided  for  you.    The  box  in  whi.h  you  pin  the-  craatureo  sho  i  d  ha 
lid,  for  example,  a  shoe  box,  an  egg  carton,  a  cigar  box,  etc.    It  sncu.u 
have  some  material  on  the  bottom  into  which  the.  pin 


nave  some  mdicudi  u«  www  v.     .  ,  . 

cardboard,  styrofoam,  corV  strip,  etc.    Some  insects  are  better  preserved  .n 
siall  vials  of  alcohol.    :  .ch  liMect*  include  ..qustlc  species  and  cuterpiU.W. 
.We  will  provide  small  viaij  if  they  are  needed. 
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Id  '.ntifi cation  (relative  to  objective  1) 


Re  td  in  one  of  the  refe  ence  books  the  distinguishing  characteristics  cf  a; 
in;ect.    To  soi  e  people  an  insect  is  "anything  that  crawls  or  flies  liko  a 
bu;.n    !«*edles<   to  say,  you  will  have  an  extremely  difficult  time  usinp  ^ 
inject  identification  k  ty  if  ycu  do  not  have  an  insect  to  begin  with. 

In  MODs  104  am         you  learned  how  to  classify  objects.    The  hierarchies  row 
created  in  classifying  these  objects  are  similar  to  the  biological  hierarchy 
of  taxonomy,  that  is,  a  classif icatior  scheme.    The  major  categories  of  the 
biological  hieiarchy  are  presented  below: 

Phylum, 
Class, 
Order, 
Family, 
Genus , 

Species. 

The  insects  form  the  class  Insecta.    This  class,  in  turn,  is  a  subgrovpin^.  oi 
the  phylum  Arthropoda  that  indues  groups  such  as  crawfish,  lobsters,  cral/s, 
centipedes,  millipedes,  spiders,  ticks,  mites,  and  insects.    From  object ivc  X 

:he  hierarchy  listed  above,  it  is  evident  that  the  order  of  the  innect  h.t^ 
li  -?«  established  before  a  key  to  family  identification  can  be  used.  Ibcrc 

two  procedures  one  might  follow  to  identify  the  order  «md  family  cf  an 
insect.    One  method  is  based  on  the  pr   aise  that  you  already  know  the  can*  n 
name  of  the  insect.     If  this  is  the  case,  then  it  follows  that  a  trivia: 
amount  of  research  will  reveal  the  order  and  family  name  of  this  insect.  Look, 
for  example,  in  the  index  of  a  reference  book.    On  the  other  hand,,  if  the 
insect  is  totally  strange  to  you,  you  will  find  the  identification  key 
helpful.    However,  some  skill  is  necessary  in  using  such  a  key.    It  takes 
kean  powers  of  observation  to  read  a  description  of  an  Insect  body  part  and 
to  identify  it,  usually  through  a  binocular  microscope.     It  also  tak^s 
persevennce  and  patience  on  your  part  -  traits  your  instructors  hope  ycu 
will  develop  in  this  course.    If  yoj^  do  not  know  the  insect,  find'  out  the 
order  oi  the  insect  by  referring  to  the  Key  to  the  Orders  of  Adult  Insects, 
starting  on  page  40  of  the  reference  Hew  to  Know  the  Insects*    Once  you 
ha/e  identified  the  otuti  of  insects  turn  tc  the  Individual  family  key  for  th^t 
particular  order  and  identify  the  specimen  according  to  family  (family  rujoies 
end  in  "ae"). 

Optional  activity:    .Obtain  an  insect  from  your  derm,' bed,  dining  rcom>  etc, 
and  after  identifying  it,  check  in  the  reference  book  cited  above  to  find  out 
whether  the  insect  is  a  harmful  or  beneficial  insect  or  just  a  pe&t, 

M.  ':.ng  a  Key  (relative  to  objective  2) 

'  i~st  co  /\'t  ?0  different  insects  and  arrange  them  in  a  hierarchy  sirtitar  to 
thjse  yoi  fore  .ated  in  MODs   104  and   I  Ob.    The  terminology  should  be  at  the 
av  irage  level    f  a  four  h  grader.    If  you  use  a  word  th.it  might  not  he 
unlorsto  -d,  sut  h  as  "an  ennae,"  explain  it  in  a  sep  arate  section.    Try  to  be 
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Coatroiii.iR  Vc.:::>;*u 

PREREQUISri-     rhe  Ineci^iirr 


*»r-  -ip  r>o  sion  tor 


.^se  studet.t'. 


OBJECTIVES: 


1*    Givsa  a  pice ;  cf 
material  compoutss:-. 


good  technic  —  in 

3,  Clven  a  plc^  • 
dcDoitStratc;  pre:  . 
See  th^  instr^"'  j 

4,  i«ju  will        » ~  i 

INSTTCCTIONAI,  ^  - 


.j    T-„    %*V.  *  b?  able  f  .  c'^scjT:  he  itn 
ra-rfer  in  whi=I-  it  i~     '4ertid  by  \ight. 
-  -  file,  you  will  be  acj--.        >monst  rate 

ivra  oi  sr^e  object  in  the  c.ass~ootiu 
''a3.i.v  equipment,  you  will  describe  and/or 
: weald  use  in  developing  the  film. 

-roca;-v  involved- i;   developing  a 
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aperc  ire  a  ? 
to  arljast  : 

the  d-.ve>.^, 
to  v 
dev?      1-  3  - 


civen  by  the  instructor; 
p!:rur^  l /  fijrst  setting  the 
-.v.ir.z  the  aper:  ure  Setting; 
--•    -  -^emr    by  first  *>eC**:J.iig  the 
-  .  ■  juLtr^r  speed; 
-■^S,>(  jy  f.v vising  on  an  abject 

t  -  *  i-j?  .i.-.  'i:-v  to  load  th?       —  n 
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PROCSJX'KJS: 

Some  precautions  to  be  observec  when  working  with  g  camera* 

1.  The  camera  cost-*  $100,00  plus;  rJ,ereforef  do  net  drop  ic  or  h*ldle  i:  m 
a  rough  way. 

2.  Never  remove  any  cariera  parts. 

3.  Never  force  any  of  the  earner?  "rrklng  parts. 

4.  Do  not  turn  the  shutter  speed  control  oa;.t  the  500  mark  when  taming  the 
knob  in  a  clockwise  direction. 

5.  Do  not  turn  the  shutter  speed  control  past  the;  mark  w.. ...  t  «t  iir.g  tne 

knob  in  a  counter-clockwise  diraccicn.   

6.  Seek  help  from  an  instructor  x£  yea  ce  not  understand  the  camera  iis  -ructions 

7.  Do  not  work  with  a  camera  until  y.«  have  read  the  accoapatying  instructional 
material. 

8.  Check  out  a  camera  from  an  insf.ucto.  ar...  return  the  camera  to  an 
instructor  when  it  is  not  m  4vt^.        for  study.    Cameras  aay  not  be 
signed  out  tor  more  than  ?■»  hoots  it-  "Una. 

General  Information 
Photographic  Film  and  Light: 

Photographic  film  can  accumulate  Mult  £»*e  this  mean?    We  might  compare 

this  statement  with  the  relationship  -.hat  exists  between  light  and  the  eyes. 
We  know  that  the  eyes  are  MMltv-e  to  ,  particular  area  of  the  electromagnetic 
spectrum,  namely  the  visible  spec-nun  -which  ranges  from  violet  (shorter  Vave 
lengths)  to  red  (longer  wave  lengths)      Ine  eyesore  sensitive  to  the  intensit> 
of  only  the  visible  spectrum  and  will  send  messages  to  the  brain  wh.ch  will 
register  the  intensity  or  brightness  of  light.    We  see  objects  that  reflect 
light  from  the  source  to  the  ey*.    An  object  does  not  become  brighter  as  we 
keep  looking  at  it  even  though  light  keeps  coming  from  the  object  to  the  eye. 
TKt<.  4o         3,««.  »o  aaviP(r  that  the  eve  does  not  accumulate  the  light  as  it 
ieep/ coming  tTthe  eye  from  the  oMer.c.    IC  It  did,  the  object  would  beconr 
brighter  and  brighter  with  tlx-.-  -    The  explanation  for  this  is  that,  as  l^gr 
reacts  with  the  eye,  the  eye  can  or,l»  send  nerve  messages  to  the.  brain  r.ud  not 
the  actual  chemical  change  tr.-  cakes  place  in  the  interaction  between  ;n. 
light  and  th^  eve  cells.    In  the  llgb*  af_\;cts  the  materials  or  tae  n.lm, 

and~tfae  reaction  products  accumulate  with  time,    ine  longer  li&t  shines  cr.  a 
piece  of  film,  the  greater  will  be  the  accumulation  of  the  reaction  products. 
A  good  example  which  demons t»«.:-  tnis  principle  is  the  following.  Suppose 
ycu  look  at  the  sky  at  night  ana  -o.-  can  see  2300  stars.    No  catter  how  long 
you  look  at  the  same  star  axes.  y.v.  *1U  not  be  able  lo  see  more  than  2500 
stars.    If  you  set  a  came-a  ani  expose  the  film  for  V  second  you  might  also 
see  2500  stars  on  the  Secure     However,  if  you  expose  that  same  film  for 
3  minutes,  you  might  gee  cany  more  stars  on  the  picture.    In  a  short  exposure 
of  the  fiim,  light  coning  fron  some  stars  is  so  weak  that  it  causes  only  a 
minor  reaction  on  the  film  vhJ-h  c'jes  not  show  up  on  the  picture.    With  a 
longer  exposure,  the  reaction  ;   .ci.cts  accumulate  to  the  degree  that  stars  not 
visible  to  the  naked-eye  sh«-.w  i.;.       the  picture. 
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What  is  Film? 

Photographic  film  which .we  uae  in  most  cameras  and  from  which  negatives  ar* 
made  is  composed  of  three  materials*    First  it  con;  ists  of  a  transparent  sheet 
of  clear  plastic.    This  serves  as  a  backing  or  supporting  material  for  the  other 
two  materials.    Second ,  on  this  backing  is  placed  a  fine,  tliin  layer. of  gelatin 
in  which  is  embedded  the  third  substance  consistinj;  of  several  chemicals.  These 
chemicals  include  silver  bromide  and  silver  chlorine  (silve   halides)  wlich 
are  the  substances  that  react  with  the  light.    The.;e  subscs    es  become  light 
sensitive  as  soon  as  they  are  mixed  with  the  gelatin  and  muse  b^  1  ept  in 
darkness.    It  is  only  when  the  film  is  placed  in  a  camera  that  it  oh^uld  be 
exposed  to  light.    This  is  done  by  opening  a  shutter  which  allows  light  to 
enter  the  lens  and  reach  the  film.    From  what  has  been  said  above  it  should 
be  apparent  that  light  that  reaches  the  film  will  react  with  the  silver  bromide 
and  silver  chloride  on  the  film  and  produce  reaction  products.    In  reaction 
products  the  silver  bromide  and  silver  chloride  molecules  are  slightly  changed. 
The  exact  nature  of  the  change  is  not  known.    It  should  also  be  apparent  that 
the  longer  the  camera  shutter  is  open,  the  jester  will  be  the  accumulation  of 
the  reaction  products. 

The  Paper: 

Photographic  paper  is  in  many  way^t  similar  to  pnotographic  film.    The  main 
difference  is  that  the  paper  does  not  have  a  transparent  base  like  film  has. 
Instead,  photographic  paper  is  a  fine  white  paper  with  a  protective  coating 
coveved  by  a  light-sensitive  emulsion  similar  to  that  on  film.    Unlike  the 
film  emulsion,  however,  the  paper  emulsion  usually  is  *ot  pan-chromatic  and 
does  not  react  to  all  visible  light.    Because  it  is  most  sensitive  to  blue- 
greens,  it  is  possible  to  open  most  photographic  papers  under  a  dim  yellow  or 
red  light  without  causing  a  chemical  change  in  the  emulsion.    If  these  papers 
are  exposed  to  the  light  of  an  incandescent  bulb  or  to  sunlight,  however,  there 
will  be  a  chemical  change  in  the  emulsion  just  as  these  is  in  film. 

The  Negative: 

Suppose  that  a  camera  is  loaded  with  panchromatic  film  and  that  you  are  ready 
to  take  a  picture.    You  press  a  button,  and  there  is  a  click  indicating  i  lat 
(a)  light  has  entered  the  cariera  through  ar  opening  in  the  front,  (d)  iifent 
has  struck  the  film,  and  (c)  the  opening  has  closed  again.    The  ailver  halide 
particles  in  the  emulsion  of  the  film  have  trapped  the  light  that  has  struck 
them.    If  you  could  examine  the  film  at  this  point  vou  would  see  no  difference 
from  unexposed  film*    However  the  light-sensitive  silver  halide  particles  have 
changed  in  some  manner  not  completely  understood  by  scientists. 

When  this  exposed  negative  is  placed  in  a  solution  called  a  developer, 
microscopic* particles  of  silver  form  wherever  light  has  struck  the  emulsion. 
The  more  light  the  film  receives,  the  more  silver  is  formed;  where  no  light 
has  struck,  no  silver  particles  fortr.    These  particles  of  silver  are  so  tiny 
that  they  look  black  Instead  of  bright  and  shiny. 

After  the  developing  solution  haa  changed  the  light-struck  silver  halidis  into 
silver,  there  are  still  parts  of  trie  emulsion  where  light  did  not  strik*  that 
contain  light-sensitive  silver  halides.    If  you  were  to  let  light  fall  m  the 
film  these  parts  also  would  darken  with  the  chemicals  in  tie  deve.oper. 
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To  keep  the  unexposed  portions  of  the  film  7...*  darkening  after  th-  developer 
has  finished  its  work,  the  film  Is  rinsed  In  "ater  and  theil  \t  is  >laced  in  a 
fixing  bath  or  fixer.    This  fixer,  sometimes  called  hypo  by  photographers,  docs 
several  things.    It  stops  the  action  of  any  developer  that  might  s:lll  ba  on 
the  film;  it  dissolves  from  the  emulsion  any  silvex  halldes  that  wire  not: 
affected  by  light;  and  it  hardens  the  emulsion  to  help  protect  It  against 
scratches.    All  that  Is  left  in  the  emulsion  are  the  microscopic  pirticlas  of 
silver  where  light  struck  the  emulsion  when  the  can  era  shutter  cll:ked  open 
and  shut.    Because  the  film  looks  dark  where  there  was  light    and  transparent 
or  light-colored  where  there  was  darkness,  it  is  called  a  negative.  The 
negative,  therefore,  shows  where  light  struck  the  emulsion,  and  whc.c  It  did 
not. 

The  Positive  or  Print: 

Once  a  negative  has  been  developed  and  fixed,  it  is  washed  in  water  and  dried. 
Tc  make  a  picture  or  print  from  it,  light  Is  allowed  to  pass  through  the 
negative. onto  a  piece  of  photographic  paper.    Where  the  negative  is  darkest, 
little  or  no  light  gets  through  to  the  paper,  ird  where  the  negative  is  light- 
colored  or  transparent,  much  light  gets  through  to  the  photographic  paper.  In 
the  emulsion  of  the  paper,  light  Is  trapped  in  much  the-  same  way  ar»  it  was 
trapped  in  the  film  at  the  time  the  picture  was  tcken. 

To  complete  the  picture,  the  exposed  paper  is  put  Into  a  developer  similar  to 
the  one  used  for  the  negative.    In  the  developer  the  silver  halldes  chat  were 
exposed  to  ll^ht  release  their  silver  and  It  shows  up  as  black  or  dark  grey 
particles.    If  more  light  strikes  the  paper,  more  metallic  silver  Is  deposited 
in  the  emulsion*    Where  no  light  strikes  the  emulsion,  there  Is  no  silver 
deposited  and  the  piper  still  looks  white. 

When  the  developer  has  finished  working  on  the  light-struck  silver  halldes, 
there  may  still  be  unaffected  silver  salts  on  the  paper  where  light  did  not 
strike.    These  must  be  removed  by  bathing  the  paper  in  a  fixer,  Just  as  tfte  f  m 
was  bathed  In  a  fixer.    When  all  the  unaffected  silver  halides  have  been 
removed,  the  paper  la  washed  in  water  and  dried.    It  Is  now  a  finished 
photographic  print .    The  areas  that  were  dark  in  the  negative  have  now  t# 
restored  to  whiL*  In  the  print,  and  the  transparent  areas  of  the  negative 
iav«  hprome  black  in  the  print*.    The  finished  photographic  print  is  a  positive 
or  the  opposite  of  a  negative. 


NtGAliVfc  v"   SUS  POSITIVE  (C  .  PRIHT) 


You  should  be  able  to  understand  the  lollowing 
after  you  have  completed  the  work  on  this  MOD.' 


(Note:    The  thickness  of  the  lines 

indicates  the  amount  of  light 
passing  from  one  area  to  another.) 


Developed  film  with 
light  and  dark  areas 


Print  or  positive 
with  light  and  dark  at 
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MOD      ,    Photography  II 

Controlling  variables,  interpreting  iata 


PREREQUISITE:    MOD  230,  MPhotf  .aphy  I" 
OBJECTIVES; 

1.  You  will  be  able  to  demonstrate  your  proficiency  fc  alation 
of  the  shutter  speed  control  and  aperture  of  the  v 
presenting  your  picture  or  a  friend  taken  in  a  lab  i^^  ;     -M  table 
light,  that  is,  with  no  flash  bulb  or  special  lights.    Tf-o  nal 
acceptable  quality  will  be  such  thac  the  picture  hu^  eroogh 
contrast  to  show  facial  features 

2.  You  will  be  able  to  demonstrate  your  proficiency  ai  ;ulacion 
of  the  variables  of  the  camera  d/  presenting  a  plena  <   rfLlch  shows 
an  illusion  of  motion  in  which  t\u  subject  which  Lr,  act  jally  moving 
appears  stationary  (in  focus)  who.jc         stationary  b*r*6joand 
appears  in  motion  (blurred). 

3.  After  receiving  instructions,  you  will  d  ~-»n&;r\te  year  proficiency 
in  developing  film  and  prints  by  pres. .  ting  the  de\  Jiioetf  negatives 
an^  some  developed  prints.    Although  the  qualitv  of  the    \lm  and 
prints  may  possibly  be  poor,  you  should  *be  nble  to  i*   *  n  ret  the 
data  and  state  reasons  tor  such  quality* 

INSTRUCTIONAL  REFERENCES  fir  MATERIALS :  " 

1.  This  MOL,  pp.  2-3 

2.  Instructors  and  students  who  have  complied  this  MOD 

3.  A  Pentax  camera,     Kodak  Plus-X  Pan  film,  necessary  darkroom  materials 

4.  Instruction  manual  for  the  i1  camera 

FINAL  ASSESSMENT : 

Present  t-n  the  instructor  the  pictures  that  yju  have  .*pvo,«-t. 
prepared  to  give  reasons  for  the  quality  &iH  ^iscuss  rnk  ro^jib  o*. 
your  photographic  work. 
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You  viil  b  j  £i  v.: n  T: 
The  filu  in  ir»-    ,  -t~ 
With  this  filu 


the  obji.  t 
the  fila 
of  your  .  - 


<       _    -  -  —  • 

/.  -J 
i.u* .  -  *  a«       ;  .,t.e<  it! 

:     *  ■  v  r  uation 


Preparation  oi  ~>  *s«**>** 
prints  f r  ;. 


".ne  til:-  r  v 
cart;  i  jft  ,  i 

V  :r  fi  ■  *t  '.no  .  i    •  *• 


system 
he  done 


skin 

> i  »«    -        •  '**t:r  and 
*  t  i  _ l :  -    '30  sec. 

*  ■  ^  1  :  'a. 

;  .-It-  i       -    '  .  Cor 

Ji.v eloping 


-J, 


* « >  d  ry 


-j  .  Make 

ite  the 


o  r  1  n : 


i      **.:t;r.  AivjiOj  the 


h       ^   it  a L J   t  i£ti^  when 
r  .  ,  i  :;h  c . 

v    .  vj  *     Ikc^     *r  pt  ints. 


4*3-1 


MO! 
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This  i ,  done  I v  r.;"L-  . 

D.  Aft.'r  the  print  srm 
the  left~hdud  c.ay  '  * 
developing  is  dttemLv. 
picture  appear.  Wtu  i  v 
has  been  adequately  <5_v 

E.  When  you  teel  tiiat  r:*- 
froa  the  developing  :  r« 
Leave  it  Is*  rK-  sto^,  4 

F.  Remove  the  print  fror 
(fixer ^  and  zix  t..  . 

C.    Remove  the  print  fro-  * 
running  wr.t?r.  7 

H.  Remove  the  prir:  r 
or  urrt^x  i  t  1  ,  -/  r 

I .  The  picture  i..  r 

J.    When  y-j.  :i—,h  , 
cojntertop  and 
?nd,  in  gerera'  "^p 
dry .     Dc  nor  Cc-i  *  ■  *  • 


:  f  .  .v4.  ool  J  f  aucecs  . 
...   :  >„~ti    .\'i2  i  ilarger    place  'he  print  in 
„  k.}  .  to  2  ttla.    The  correc  :  tj-tue  for 

L-    ,  ^  x  ine  at  the  film  and  tatchi  »g  tne 
.       1  tnat  the  picture  shov3  good '•detail,  it 

-  .  *         in  en  adequately  4f  *  :  jped,  remo/e  it 
*>•        ir.  in  the  middle  t^c  -   '  jt((pbath)  • 

1  *;   l  place  ir  in  the  righs-harld  tray 

J  olace  iw  i  .  th-.  tray  with  the 

t  1  -cc  it  oa  ;he  dryer  for  5-10  min. 

*  '-'v.juc-tlon- 
i."s,  v.!'  .         ciy  all  glassware, 
*  .    to~rl  ;.w:r  original  places, 

~- -       v  i-  j.  -  rin;v  the  darkroom  clean  and 
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i 


NOD 


laopods 


Ssperi fSSHt is  j t    £OtT2i*ji.— ting  "*vp?  j     if**rnn  *  vni/  data 


OBJECTIVES. 

•  1.    Observe  ieopods  and  by  experimentation  'ou  will  jc  abl€  to  f-nd 
their  preference  for  different  amounts    f  taoi&tute,  temperature, 
food,  and  a  divwslty'of  ;aareri*l8. 
2.-   From  your  observations  and  data  about  uooods.  j  /•  will  be  aMe  to 
infer  vhat  materials  make  up  the  environment  of  bu  od. 

INSTRDCTIOHAL  REFERENCES  &  MATERIALS ; 

1.  SCI5,  gnvirongentg ,  Teacher      •  >^de 

2.  Alual&um  foil,  tapes  11^-  ^  -r  .a.  «*cifiSors,  ice  cubes, 
heat  source,  ioopo^e,  aare/ia«.   -f  your  cacice 


FINAL  ASSESSMENT 


Be  prepared  to  jp*rc**nt  t  *  i;.etructor  -        a  b^ief  description 
a*     the  problem  yo*j     *  :^  f.r>  sclvc; 

b.     the  variable*  a.*"!  h;*  they  were  manipulated 

and/or  controlled, 
c „    youi  procedure  is*'  -uc.r.t  tn~;  equip3£nt  involved  and 

how  it  was  used; 

d.  your  hypothesis. 

e,  yoir  conclusions  ur^ic  C\c  experiment. 

Be  prepared  to  disci?.-*  -irUv  the  results  of  the  experiments 

with  your  instructor, 
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PROCEDURE: 

Alter  reeaing  ana  stuayxug  o^u ,  uivaihu«iv»^j (  »  -  - — - »  r=&-=  ' 

Mt  up  ar  experiment  *»hich  will  determine  the  pr  >ference  if  the  iaopod  *or 
different  aaounta  of  aolsture,  temperature,  food,  and  a  diversity  of  mterials. 
Be  sure  to  record  the  experimental  procedure  you  used,  tha  data  yu  collected, 
the  graphs  you  made,  and  the  concisions  you  dre ;  based  ca  >our  experiment- 
ation. 

Bafore  you  proceed  with  your  experiment,  please  nave  you.  experimental 
procedure  approved  by  the  instructor .    You  should  use  at  leaat  ;<ve  iaopods 
for  each  experimental"  design.    Even    hough  specific  instructions  ere  jiveh^ 
in  SCIS,  Environments  it  is  uorchvhlle  t\r  you  to  make  up  your  own  %« 
experimental  design .  \ 
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MOD  23  i     Sound  «»nd  Wnve  Motion 

Observing  f  1  if  erring  ^  / 

OBJECnVBS:  1 

1.  Clveft  (a)  spoon  and  string  and  (b)  yardstick  and  wntch,  jol  will 
deaonstrats  that  sound  travsla  bettar  in  tiolide  thirt  it  dwts  through 
<airt  and  you  will  Infer  an  explanation  for  what  you  ©beetvek 

2.  Given  (a)  readings,  (b)  fllaloops,  and  (c)  a  phonograph  recor\  on 
sound,  you  will  be  resdy  to  discuss  with  the  instructor  any  onc^of 
the  following  phenomena  as  it  occurs  in  •ound  wsves:    reflect ion 9 
refraction,  interference,  end  Doppler  effect. 

3.  Given  rulers,  rubber  band*,  strings,  snd  pop  bottles,  you  will  be 
able  to  demonstrate  any  one  of  the  following: 

a. *  emission  of  end  variation  pf  the  pitch  of  a  aound  produced 

by  a  fixed  ruler  when  it  la  atruck; 
<        b.    enlssloo  jf  and  variation  of  the  pitch  of  a  sound  produced 

by  a  rubber  band  wh#n  it  la  ft retched  and  plucked; 
c.    emission  of  and  variation  of  the  /itc*  of  a  sound  produced 

by  the  air  in  a  partially d i lied  pop  Dottle  when  yen  blow 

over  ita  top. 

4.  You  will  demonstrate  with  a  system  of  ,«sal  materials  at  leait  one  sound 
rhenomenon  which  might  serve  as  an  activity  useful  in  teaching' children. 

INSTRUCTIONAL  REFERENCES  6  MATERIALS: 

Sections  of  physical  science  texts  on  waves  and  on  sound  * 
Bell  Telephone  tape      Science*  of  Scwd 

Modern  Learning  Aids,  Reflection  of  Straight  Waves  from  Straight 

Barriers  - 

.i  i  * 

Modern  Learning  Aids,  Refraction  of  Waves 
Ealing  Corporation,  Interference  of  Waves 

Houghton-Mifflin's      Doppler  Effect   inTiftht  and^Sound  ^ 
8  nn.  filmloop  projector  ~~  ■ 

Tape  player 

Spoon,  string,  yardstick,  watch,   two  identical  tuning  forks, 
rulevo,  rubber  bands,  pop  bottles 

FIIVL  ASSESSMENT: 

See  objectives  above. 


*    Dull,  Metcalte,  and  Williams,  Modern  Physics,  Chapter  12 
The  reading  nages  of  this  MOP 

Van  Bergeijk,  Pierce,  and  H..v1d,  Waves  and  the  Ear/  pp.  25-28  and 
pp.  34-48 


MO!  ?n 
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•On  Wave  lie  tioii 

The  fundamental  <  ommon  rharact eristic  of  all   the  waves'  to  b2 
described  and  studied  is  that  they  provide  a  mectanism  for  trans- 
ferring energv  from  one  point  to  another  without  physical  transfer 
of  material  between  the  points.    Wo  might  first  consider  i he  sho  -k 
wave  from  an  explosion.     A  sudden  v reation  of  her t  raises  a  mass  of 
gas  in  the  near  vicinity  to  a  very  high  pressure.     This  pi  essure  is 
then  exerted  on  the  air  farther  out.     A  pressure  wave  tsa^ls  out- 
ward with  a  speed  of  1100  feeL  per  second,  containing  the  -.t-rjv 
required  to  compress  the  air. 

A  sound  wave  transmits  energy  in  the  rorm  of  a  much  milder 
disturbance  of  air.     An  example  is  that  between  a  vibrating  source 
and  a  receiver  such  as  the  ear  and  a  r'icn  phone.     Sound  can  also 
be  t ransi?it ted  as  motions  uf  the  parties  of  a  i  i  ,uid  or  a  srMd. 
So  sound  is  an  example  of  a  mechanical  w  ivt  notion.     Water  waves - 
constitute  another  type  el  rechaniial  wav>     »  tnui;   they  can  trans- 
mit energy  capable  of  setting  a  ship  into  oscillation.     Waves  on  a 
3tring  or  compressive  waves  in  a-  spring  are  other  ex  u  ,'ies  of^ 
mechanical  wave  motion.     Radio  and  light   transmission  involve 
electromagnetic4"   waves.     Here  t>he   i isturba.:ce  is  electric  and  mag- 
netic in  nature,  as  opposed  to"*t>cin^  mechanical.     Sound  waves, 
water  waves,  those  in  a  -string,'  01   e  Loc  t  romagnet  ic  vaves  aro'onl" 
a  few  examples  of  two  general  t *pt  >  oi  waves.     These  are  the  trans- 
verse waves,  in  wnich  the  di  "*:>l  a*:f"K  n  u  of  the  particles  of  Lhe 
medium  are  perpendicular  to  the  direction  of  propagation  of  the 
wave,  and  the  longitudinal  wive,    in  which  the  d Lspl acements*  of  the 
particles  of  the  medium,.  are  para  Ij  el   to  the-  direction  of  propagation 
of  the  wave. 
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Transmission  of  sound  by  solids : 

a.    Attach  a  natal  spoon  to  the  middle  of  a  4-Jt.  long  rtring  and  let  the 
spoon  hit  an  object,  for  example,  a  wooden  paml  in  the  desk  or  table. 
Listen  carefully  to  the  sound  produced  as  you  tear  It  come  through  the 
air.    Then  hold  each  end  of  the  string  to  your    ears  awl  £et  the  spoon 
strike  again.'  Mote  the  difference  in  sound.    Mve  a  possible  explanation 
for  the  difference. 


b.    Separate  yourself  from  one  kit^jpwt  fe\low  students  by  the  length  of  a 
yardstick.    Listen  to  her  wrist  watch  at  that  distance  and  see  whether  you 
can  hear  anything.    Then,  have  her  put  the  back  of  her  watch  against  one 
end  of  the  stick  while  you  place  the  other  end  of  <he  stick  at  your  ear. 
Do  you  hear  anything?    Give  a  possible  explanation. 


a.  Read  In  a  physical  science  book  the  sections  on  reflection,  refraction, 
interference,  and  Doppler  effect  as  related  to  sound  waves. 

b.  Watch  carefully  the  filmlocps  on  reflection*  refraction,  Interference, 
and  Doppler  effect.    These  filmloops  depict  water  wave  phenomena  but  they 
can  be  applied  to  sound  waves  as  well. 

c.  Lie ten  to  the  bands  of  the  sound  record  do  echoes,  beats,  and  Doppler 
effect  (barlj  9,  16,  19  of  the  Bell  Telephone  tape. 

d.  The  two  identical        tuning  forks  have  the  same  frequency.    A  piece  of 
wax  idded  to  one  fork  gives  it  a  slightly  lower  frequency.    If  the  forks 
are  struck  one  right  after  another,  the  sound  will  seem  to  undulate  la 
volume*    Thia  is  an  rxaraple  of  interference  in  sound  called  "beats." 
Associate  this  experience  with  what  you  hear  fron  the  Bell  Telephone  bend 
on  beats. 

e.  Be  ready  to  discuss  and  demonstrate  any  one  of  the  following  as  it 
applies  in  sound:    reflection,  refraction,  Interference,  and  the  Doppler 
effect. 


40D  2'  3 
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3.    a.    Place  a  ruler  at  the  edge  of  a  tab3-  — •  tha-  about  oae*fouz:h  of  Its 
length  reaches  out  over  the  edse  of  the  i_:le.   With  one  bar*,  press  down 
hard  on  the  ruler  ao  that  It  Is  held  cl<»-~  to  tie  surface  of  tfce  table 
near  the  table's  edge.    With  a  finger  of  the  ot'ier  hand  pull  dewn  on  the 
free  end  of  the  ruler 9  release  it,  and  listen  ;o' the  :  ound  produced. 
Experiment  by  changing  the  length  of  the  vibrating  segment  and  rtelat*  this 
length*  to  the  pitch  of  the  sound  produced. 

b.    Stretch  and  pluck  a  atring  or  rubber  bond  a  id  study  the  emission  of 
its  sound.    How  can  you  vary  the  frequency  or  ptch  emitted  by  a  system  . 
like  this  one? 


( 


c.    Fill  pop  bottles  with  various  amounts  of  water  and.  observe  what  kind 
of  sound  is  emitted  when  you  blow  across  the  top  of  each  bottle.  What 
arrangement  results  in  a  high, pitch?    What  results  in  a  low  pitch?  Can 
you  arrange  a  musical  scale  and  play  a  tune  on  your  Mpop  bottle  organ?19 


d.  What  could  you  teach  children  about  the  instruments  of  an  orchestra 
by  demonstrating  any  of  the  three  phenomena  above? 


4.    Arams trate  for  the  instructor  with  a  system  of  real  materials  at  least 
one  aoo^d  phenomenon  which  might  serve  as  an  activity  useful  In  teaching 
children! 
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MOD  234  Metric  Measurement  Revisited 

This  MOD  is  planned  to  provide  you  with  understanding  an<i  drill  to 
strengthen  your  metric  measruement  knowledge  an«!  personal  confidence 
and  commitment  in  using  metric  measurement. 

OBJECTIVES:  i 

At  the  conclusion  of  this  MOD  you  will: 

1.  Be  able  to  handle  the  prefixes  with  confidence 

2.  B,e  able  to  think  metric 

3.  Be  able  to  qompute  in  metrics 

4.  Describe  some  major  advantages  of  the  metric  system  for 
making  measurement  and  calculations. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Measurement 

2.  Meter  sticks  and  rulers 

3.  Balance  scales 

4.  Liter  containers  ^ 

5.  Metric  scales 

6.  Work  sheets  attached  to  MOD 

PROCEDURES : ' 

1.  View  slide-tapes  History  of  Metric  Measurement  and 
Advantages  of  Going  Metric. 

2.  In  MMP  book,  Measurement,  do  Activity  3,  Sections  1,  2, 
3,  4a,  5,  and  6. 

3.  Plan'an  outdoor  metric  measurement  activity  for  children 
of  the  grade  level  that  you  teach.    Then  do  this,  activity . 

4.  Complete  *rork  sheets  alone  in  so  far  as  possible.  Consult 
wlwh  partner  and  reference  materials  as  needed. 

FINAL  ASSESSMENT: 

1 ,  Bring  the  completed  activities  and.  work  sheets  to  the 
evaluation. 

2.  Take  a  10-item  paper-and-pencil  quiz  Individually  without 
reference. 
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A.    Write  five  metric  units  of  measurement  -y.  cot  bining  dtvi,  c<~  .^i,  or  milli 
With  meter,  gram,  or  Liter.     Give  the  mea«>-"t;  foi  each  one.     One  is  done  for 
you. 


t  1.    Milliliter     (0.001  liter) 

2.   

3. 


4. 
5. 

6. 


B.    Use  your  knowledge  of  the  three  prefixes  to  complete  the  following  statements, 

1.  The  decimal  system  contains  digits.. 

2.  How  many  years  are  in  a  centurv?  

 years  is  a  millennium. 


1000  millimeters  is  a  jneter  .  Thus, 


Indicate  if  the  following  statements  are  true  or  false. 


1000  milliliters  -  1  liter 
10  decigrams  =  1  gram 
100  centimeters  «  1  meter 
100  meters  =  1  centimeter 


5. 
o. 
7. 
8. 


1,000,000  milligrams  =  1  gram 
1  centimeter  =«  10  decimeters 
1  liter  ■  100  centiliters 
1  millimeter  *  0.1  centimeter 


D.     Fill  in  the  blanks  below. 

1.  2  grams  ■    centigrams 

2.  3  liteia  -  deciliters 


3.  0.5  meters 
4  .    6  meters  = 


decimeters 


E.  Use  a  dictionary  or  other  refe^em-e  book  to  find  the  symbols  for  the 
following. 


1.  decil^ter_ 

2.  centimeter 


3.  centigram 

4.  millimctet 


5.  milligram 

6.  milliliter 


F.    Write  five  metric  units  of  measurement  by  combining  deka,  her to t  or  kilo 
with  meter",  gram  or  liter.     Give  the  meaning  of  each  one.    One  is  done  for  you. 


1.  kiloliter  (1000  liters) 
2. 


4. 
5. 
6. 


G.  Use  your  knowledge  of  the  three  prefixes  to  complete    he  fol Lowing  statements. 

1.  A  decade  lasts  for  a  period  of    years. 

2.  A  decagon  has   sides. 

3.  A  .kilowatt  is  electrical  power  of  watts. 
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K. 
1. 
s2. 


Indicate  if  Lhe  fiLloving  statements  -  -    tru*   of  false. 


Otie  (Jekameiet    equal  a   10  meters, 

A  hectoliter  is  larger  than  a 
kilcliter^ 

1000  kilograms  -  1  gram.  ^ 


7. 


One  meter  is  10  dckametars. 

A  kiLogram  is  10  times 
bigg  *rt  than  a  hectogram. 

A  kiLometer  equals  1000  meters. 


A  dekaliter  equals  100  liters.      8.    100  equals  a  kilogram. 


I.     Fill  in  the  blanks  below. 

1.  3000  grams  *    kilograms 

2.  40  liters  »  dekaliters 


3.  200  meters  - 

4.  2000  grams  = 


hectometers 
kilograms 


J.  Use  a  dictionary  or  other  reference  book  to  find  the  symbols  for  the 
following*  -J  *  ' 


1.  tneter 


3.  liter 


gram 


4.  dekameter 


5.  hectoiiLer 

6.  kilogram   


7.  kilometer 

8.  dekagram 


K.  Fill  in  the  blanks  below  with  the  best  metric  unit  to  use^when  measuring  trie 
following. 


1.  •  distance  between  cities 


2.  weight  of  a  little  bag  of  candv 

3.  fuel  for  %an  automobile  

4.  camera  film  size 


length  of  fca  hot  dog 


weight  of  an  airplane 


weight  of  ground  beef  in  a  meat  department   

8.  height  of  a  person  . 

9.  weight-  of  a  person  . 


10.    distance  swam  in  a  pool 


11.  contents  of  bottle  of  eardrops 
1-2.  carbohydrate  content  of  cereal 
13.     diameter  of  a  large  pizza   


14.  distance  per  hour  an  automobile,  travels 

15.  height  of  a  mountain  t  
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L.     Name  8  ct  the?  mos1   commonly  used  unit/     1  me<suiement. 


M.  In  the  1972  Winter  Olympics  an  ice  skater  corpleted  t\c  5000-meter  v 
speed-skating  event  in  8  minutes.  What  was  his  ?ate  of  s >eed  in  meteis 
per  minute?  *n  meters  per  secind? 


N. 

Estimate  U\  metric  units  the 

measurement 

of  each  iten 

i  below. 

1. 

capacity  of  a  bottle  of  milk 

  5. 

weight  of 

a  quarter 

2. 

length  of  this  paper 

6. 

volumen^f^ 

a  cup 

3. 

weight  of  your  math  hook 

7 , 

length  of 

a  shoestring 

c 

4 . 

height  "of  a  door 

8. 

( apjeity  of  a  ftlass 

\  CAN  YOl    FILL  IN  THii*  tLANK? 

Problem:  Find  the  equivalent  metric  measure  for  each  problem. 
Directions:     Fill  ir  the  missing  Manks. 


1. 

120  mm  = 

cm  - 

11. 

500  g  = 

kg 

2. 

280  cm  * 

m 

12. 

150  m  = 

km 

3. 

2  km  - 

m 

13. 

0.5  kg  = 

g 

4. 

3  L  = 

.  ml 

*  14. 

0.5  m  = 

km 

5. 

2.4  L  = 

ml 

15. 

0.5  m  = 

cm 

6. 

5  kg  = 

g 

!6. 

5200  mg  = 

7. 

5000  mg  - 

kg 

17. 

2  m 

X 

cm  , 

8. 

6  g  - 

mg 

18. 

7  cm2,  = 

9. 

500  ml  = 

L 

19. 

10.2  ha  = 

m 

10. 

•  6.82  t  - 

kg 

20. 

22,000  cm* 

=  m 
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A  METRIC  MASTERY  TEST 

1.  The  is  ttie  basic  unit  for  mcc^ring  length  in  the  rretric  system. 

2.  The    is  the  basic  unit  for  measuring  mass  in  the  metric  system. 

3.  The  is  the  unit  for  measuring  capac  ty  in  th  1  metric  system. 

4.  The  __   is  used  tu  measure  temperature  in  the  metric  *ystem. 

ir-ters,   


5.     To  measure  volume  the  answer  would  be  expressed  in 
centimeters,  etc . 

b.     To  measure  area  the  answer  would  be  expressed  in 
centimeters,  etc . 

7.     In  the  metric  system  each  uait  of  length  is  ^  

unit . 


meters, 


times  the  next  smaller 


8.    Write  the  symbol  for: 

a.  meter   

b.  kilometer  .  

c  centimeter   

d.     millimeter  '_  


e.  liter 

f .  gram  

g.  Celsius 


It.     cubic  centimeter 


9.  What  does  the  symbol  stand  for  ? 
10.     Five  cmJ  is  the  same  as   


mm . 


11.    Write  in  the  unit  yoy  would  use  tp  measure,  the  following, 

a.  container  of  milk   e.     a  zipper  

b.  a  beef  roast  _____ 


f.     t\  lawn 


c.     a  length  of  rope 


g.     a  room  temperature 


d.     a  truckload  of  sugar  beets   h.     electricity  used 

12.    Match  the  approximate  mass  with  the  object. 


a.  50  ml  of  water 

b.  a  nickel 

c a  grown  man 


d.     a  small  bag  of  sag  ir 


•*»e  car 


1.  ^2  kg 
80  kg 
50  g 
5  g 
2  t 
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13.    Match  the  event  with  the  most  approp^-  "-e  te  iperature, 

a.  water  freezes  1.     100°  C 

b.  a  comfortable  room  2.     37'  ) 

c.  water  boils  3.     0*  C 


d.     a  cake  bakes  4.  21* 


e,     normal  body  temperature    5.     160  C 


14.     Complete  the  following: 

a.  1,6  m  =  _  km  =  cm 

b.  0.4  cm  =  m  +  mm 

c.  }  cm.    =   _-  mm    =   m 

.      d.  260  g  =  kg 

e.  22.4  I,  =  ml 

f .  1  mJ  =   cm5  =  mm* 

g.  2.2  kg  =  g  =  


15.     List  an  approximate  customary  system  relationship  for  each  of  the  following. 

a.  A  meter  is      m  ^  

b.  A  kilogram  is  

c.  A  liter   


K  d.     A  centimeter  is 


i 

cm 


16.  Five  g  of  water  is  about  ml  -   

17.  Simplify  the  following  express  Lens: 

a.     103  x    10*  =  e.     0.0001  =  10? 


b. 


10*  x  10^  =   f .     10,000,000  =  iol 


c.     10*+  105  = 


d. 


JL9l 


18.    Express  in  scientific  notation. 

a.  30,000,000  »  _  

b.  0.0000045  -  
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MOD  i  W>   Shadow  Sticks 

Inferring,  predicting,  interpreting  t~ta 

OBJECTIVES: 

1.  Given  a  clear  plastic  hemisphere  and  a  black  wax  marker,  you  will 
trace  out  on  the  hemisphere  the  path  of  the:  sun  throughout  one  cay. 

2.  Given  a  shadow  stick  and  a  large  piece  of  paper,  you  will  recorc 
shadows  and  their  times  at  least  7  times  throughout  a  day  during  the 
second  or  third       k  of  the  term  and  throughout  a  £  iy  during  the 
eighth  or  ninth  wiek  of  the  term. 

3.  Given  the  shadow  data  in  2  above,  you  will  compare  the  two  records 
and  Interpret  the  data  obtained  on  the  two  days. 

4.  Given  the  shadow  data  in  J2  above,  you  -/ill  find  true  north,  and, 
cons  .quently,  all  of  the  other  directions* 

5.  Using  the  paper  and  shadow  records  in  2  as  a  clock,  you  will  predict 
positions  and  lengths  of  shadows  to  occur  one  hour  hence  or  two  hours 
hence,  and  you  will  check  your  prediction  when  the  shadows  actually 
occur • 

6.  Given  an  earth  globe,  a  tiny  shadow  stick,  and  paper,  you  will  make 
shadow  clocks  for  Murray  *nd  for  locations 

a.  having  different  longitude  but  the  oame  latitude  as  Murray 

b.  having  different  latitude  but  the  same  longitude  as  Murray 

c.  having  latitude  and  longitude  different  from  Murray 

7.  Given  the  same  materials  as  in  6,  you  will  find  where  on  the  earth 

a.  the  sun  is  directly  overhead; 

b.  the  sun  is  to  the  observer's  north; 

c.  the  sun  is  coming  up; 

d.  the  son  is  setting; 

e.  the  sun  is  not  visible  at  all  today;  » 

f .  the  sun  is  visible  all  day  today. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  ESS,  Daytime  Astronomy,  Teacher's  Guide 

2.  Plastic  hemisphere,  black  wax  markers,  paper,  shadow  sticks,  e^rth 
globes,  toothpicks,  Plastick  or  clay 

FINAL  ASSESSMENT: 

Be  prepared  to  discuss  with  the  instructor  your  records  resulting  from 
activities  designated  in  objectives  1-7  above. 
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PROCEDURE: 

1.    Method  for  recording  tun's  path  as  desig^  ted  in  objective  1 


r  .  _  Sun 


I 


/ 


cardboard  on  which 
hemisphere  is 
mounted 

\ 


/ 


tape 


"make  mark  on  sphere  here; 
label  it  with  the  time  of  day 


shadow  of  marker  on  cardboard 


shadow  of  marker  tip  fails  et 
center  of.  bottom  of  hemisphere 
(on  cardboard) 


IMPORTANT:    The  hemisphere  must  be  oriented  in  exactly  the  same  way  throughout 
the  time  observations  are  made. 

At  the  end  of  the  day,  connect  by  a  smooth  path  the  6  or  7  marks  made  throughout 
the  day.    Usin*  the  plastic  curved  rulers  In  the  MOD  tray,  determine  true  south 
end  true  north  from  inspection  of  the  path  drawn.    Using  these  same  ruleis, 
determine  also  the  sun's  maximum  altitude  and  the  azimuth  of  its  rising  and 
setting  positions. 


2.    Regarding  objectives  2  through  ~5 

Use  the  shadow  sticks  and  paper  provided  in  the  lab. 

immediately  after  use  so  that  others  may  use  them. 


Return  the  shadow  sticks 


3.    Regarding  objectives  6  and  7 

Choose  a  sunny  day  and  a  dry  spot  outdoors.    Prop  up  an  earth  globe  so 
Murray,  Kentucky    is  directly  on  top  -  facing  upward  -  and  so  that  the  north 
pole  is  pointing  north.    You  now  have  your  globe  oriented  with  respect  to 
the  sun  in  the  same  way  as  the  real  earth  is  oriented.    Fasten  a  3-in.  circle  ot 
psper  over  Murray  with  a  tiny,  piece  of  Plastick.    Using  another  tiny,  bit  of 
Plastick,  fasten  a  half  toothpick  over  Murray  %  this  stick  nust  be  perpendicular 
to  the  globe*/ that  is,  along  the  radius  line  that  comes  through  Hurray  on  this 
globe.    Hold  the  paper  down  with  bits  of  masking  tape  so  w  nd  does  not  blow  :.t 
away-  Use  Plastick  sparingly  and  if  it  is  still  useable,    eturn  it  to  the 
package  when  you  are  finished.  ^  ^  ^ 
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With  the  same  materials,  though  sometimes  tr.-  paper  will  #ot  be  r.e:e3sary,  mal<e 
the  shadow  clocks  or  determine  the  location    -i; lined  in  objectives  6  and  7. 
Record  the  times  for  the  shadows.    Each  shad-'.,  clock  should  contain  tracings  of 
at  least  five  shadows. 

Attach  your  shadow  clocks  in  the  spaces  below: 

For  tarray  Different  longitude  but  same 

latitude  at  Murray 


Different  latitude  but  same 
longitude  aa  Murray 


Latitude  and  longitude  both  different 
from  Mi j  rr. iv 


hod  n< 
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Record  below  the  locations  asked  for  In  objective  7.  Indicate  N  or  S  latitude 
and  E  or  W  longitude.   You  do  not  need  peper  circles  for  this  activity. 

Tine  CST  or  CDT 

a.  Where  Is  the  sun  directly  overhead?   lat^   long. 

b.  Where  Is  the  sun  to  the  observer's  north?  (one  location)   1st. 

 long. 

c.  Where  Is  the  sun  Just  coming  up.   long. 

d.  Where  Is  the  sun  just  setting?  long. 

e.  Where  Is  the  sun  not  visible  at  all  today?   lat.  to  lat. 

f .  Where  Is  the  sun  visible  all  day  today?   lat.  to  lat. 
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MOD  237    Unifix  Cube*  Structural' Math  Mai , . lal 

This  MOD  is  designed  to  give  a  working  ki..  -lodge  of  mathematical  structures 
using  unifix  cubes, 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  to  u*e  unifix  cu£as  in: 

1 .  Numerat  ion 

2.  Basic  cremations 

3.  > Areas  and  volumes 

4.  ^Multi-base  notation  2 

5.  Graphical  representations 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

* 

1.  Unifix  Structural  Maths  Material,  Teacher's  Manual 

2.  Unifix  cubes 

PROCEDURE: 

1.     Obtain  Color  Cube  Activities  Box  from  the  Resource  Center  and 
do  activity  cards: 


3-6  50  (any  id) 

10  -  15  ^2  (any  l/>)  . 

16  -  17  54  (any  10) 

24  55  -  59 

33  65  -  70 

35  10  of  your  choice  from  41  -  130 


48  (any  10) 

2.    Create  some  activities  using  unifix  cubes  to  teach  concepts 
listed  in  the  objectives. 

FINAL  ASSESSMENT: 

1.  '  Bring  all  worksheets  to  the  evaluation. 

2.  Be  able  to  demonstrate  a  working  competence  relative  to  the 
objectives. 
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MOD  2)9    TJeory  o    Numbers  III 

This  40D  is  desig  led  to  provide  additional  exercises  and  experiences  with 
selected  tcpics       theory  of  numbers. 

OBJECTIVES: 

At  the  end  of  this  MOD  you  will  be  able  to: 

1.  Identify  and  determine  E-primes. 

2.  Demonstrate  a  system  for  determining  the  largest  counting 
numbers,  L(N),  that  must  be  tested  in  order  to  determine  all 
the  factors  of  N. 

Answer  selected  questions  about  primes. 

4.  Explain  the  role  of  number-theory  problems  in  teaching  mathematics 
to  elementary  children. 

5.  Demonstrate  an  organizational  scheme  for  mathematical  problem  solving. 

6.  Apply  the  organizational  scheme  in  objective  5  to  a  new  problem. 
Construct  a  Pascalfs  triangle  and  point  out  patterns  ^n  the  triangle. 

•         Demonstrate  a  method' of  checking  Arithmetic  computations  by  "casting  ■ 
out  nines." 

9.    Demonstrate  the  Euclidean  Algorithm  for  determining  the  GCF  for  two 
numbers. 

10.    Explain  the  exercises  that  you  have  completed. 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

MMPi  Number  Theory 
INSTRUCTIONS: 

From  the  MMP-text,  Number  Theory,  complete  the  following  exercises 
and  keep  your  work: 

Activity  3:  Project  1  Activity  8:  Parts  A,  B,  C,  and  D 

Activity  A:  Project  2  *  Activity  9:  Parts  A  and  B  and 

Activity  5:  Parts  B  and  C  Project  4 

Activity  7:  discuss  questions  1,  2,  and  3      Activity  11:  Project. 6 

Activity  13:  Parts  A  and  B 

*INAL  ASSESSMENT: 

1.  Schedule  a  session  with  an  instructor  and  bring  all  work >to  the 
session. 

2.  Cee  objectives. 
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MODULE  2*40  HISSING  FROM  DOCUMENT  PRIOR  TO  ITS  BEING 
SHIPPED  TO  EDRS  FOR  FILMING- 


BEST  COPY  AVAILABLE. 


ISM)  P 

*MCD    ?41    p-otein  Synthesis  -  Se1  f  Instructional  Module 

OBJE  TIVES- 

1.  N  lme  thi ee  types  of  RNA  and  describe  their  similarities  and  dif- 
ferences . 

2.  Ecplain  the  composition  of  ribosomes  and  their  role  in  protein 
s/nthesis. 

3.  Identify  four  stages  of  protein  synthesis. 

4.  Describe  the  process  of  charging  tRNA  artd  name  the  components  involved; 
and  explain  why  thefidelity  of  this  process  is  essenti.il   in  the 
accurate  translation  of  genetic  information, 

5.  Describe  a  polysome  and  diagram  the  motions  of  ribosomes  and  mRNA 
in  this  structure. 

6.  Diagram  (in  outline  form)  the  motions  of  ribosomes,  mRNA,  tRNA,  and 
amino  acids  during  the  steps  leading  to  the  addition  of  one  amino 
acid  to  a  growing  polypeptide  chain. 

7.  State  the  sources  "f  energy  for  protein  synthesis, 

TVVT    (  TTONAL  REFERENCES  AND  MATERIALS: 

1.  This  MOD 

2.  General  3ioiogy  references  on  PiOtein  Synthesis. 

3.  Biology  Media  instructional  materials 

4.  Singer  Caramate. 

FINAL  ASSfSSMENT: 

1.  See  objectives  above. 

2.  Be  prepared  to  discuss  the  questions  listed  at  the  end  of  this  MOD. 


*MODs  235  and  238  both  must  be  satisfactorily  completed  before  this  MOD  is 
at  tempted .  , 
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1NTF  )DUCI 1 3N . 

The   >tudy  of  pr<    eiu  ^yul  tesis   ii?   .    >L  ri'mmta]    in  understanding  huw  genes  ar  * 
expressed.    Hem  M  or  th<   DNA  that   f* > rms   ^enes,  determine  the  structures  of 
protein  mdecul*  i.     Proteins  in  turn  sei  v  ?  as  the  structural  componenCs^and 
biological  catalysts  which  determine  the  shape  and  metdfbolic  activity  of^the  cell. 
Protein  synthe6>s,  then,  is  one  essential  link-in  the  chain  of  reactions  by  which 
genes  control  all  phases  of  a  cell's  liie. 

Protain  synthesis  -is  an  extremely  complex  process.    Proteins  are  not  made  directly 
from  DNA,  nor  are  they  made  direct Jy  !ry  DNA.     Instead,  DNA    forir*  a  model  or 
tempLate  from  which  is  made  an  intermediate  compound  RNA.    There  are  several      „  , * 

different  kindy  of  RNTA,  each  made  trom  a  separate  region  on  the  DNA.  These 
different  Kinds  ot  RNA  coil aborate^  with  one  another  and  with  a  number  of 
en/ymes  to  produce  the  enzymes  and  structural  proteins  needed  by  the  cell. 
The  purpose  of  this  modulo  is  to  des<  rii*e  the  components  ynd  steps  involved  * 
in  the  production  of  proteins  in  the  col1. 
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i.     Problems  of  proti-in  synthesis;   rec;u  i  reni'Pts  for  protein  synthesis. 

A.  Large  si^e  oi   proteins;   em-r^  . 

B.  Complexity  and  uniqueness  of  :  roteins:  information. 
II.     Structures  involved  in  prof«»in  syr thesis-- RNA  molecules. 

A.  Mt-ssvn^er  RNA. 

1 ,  Function . 

2.  St  rue  t  ure— codons 

B.  Transfer  RNA. 

1.  Function. 

2.  St '"ucture—ant  ii  odons  ^i.iir-^  ,k  ius. 

C.  f\]fn>sonal  RNA,  ribosome*-. 
]  .     Funet  un. 

2.     Str»jcutre—r i c    - -mes  . 

D.  Other  stt\.«^  »u  ».  . 

1.  En/ yir.es. 

2.  Energy  sources. 
III.     Steps  of  protein  syiuhesfts* 

A.  tRNA  chargir;-.. 

1.  Specificity:  enzvmes. 

2.  Energy  source:  Alt*. 

B.  Initiation. 

1.  Steps. 

2.  Initial  amino  acid,  and  codon.  „ 

C.  1  >Traf  ion. 
L.  .s. 

2.  In"  ermediat        pept  i  Jyl-tR\TA. 

3.  En^  rgy  sour  e. 
P.     fern  1  n,  t  ion. 

[.     Termination  codons. 
2 .  case  far  ors . 

Ivt     Polycom vs. 


2.     •,    juearyot  -s . 
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PROTEIN  SYNTHESIS 

(?)   Among  all  the  biochemical  compounds  present  in  a  cell,  pro- 
teinsas  a  group  are  perhaps  the  most  structurally  and  functionally 
diverse.'  Thousands  of  different  proteins  catalyze  thousands  of  dif- 
ferent chemical  reactions.    ©    Proteins  hold  membranes  together; 
move  parts  of  the  cell,  or  whole  cells,  place  to  place;  or  keep  other 
parts  of  the  cell,  or  whole  cells,  in  a  fixed  position.  Considering 
the  diversity  of  proteins,  it  probably  doesn't  surprise  you  that  it 
takes  a  complex  mechanism  to  construct  them.    It  pi .oably  surprises 
you  more  that  most  proteins  are  made  by  just  one  unique  system  -  one 
system  which  car.  make  any  protein  to  order,  according  to  the  dispos- 
able set  of  plans  that  it  is  provided. 

This  module  is  going  to  describe  the  synthesis  of  proteins: 
what  components  ar>  involved,  what  these  components  look  like,  how 

they 


and  where  in  the  cell  tney  work. 


*  -fore  we  talk  about  the.  components _ needed  for  protein  synthesis, 
t      ^  i  let's  think  about  what  it  means  to  construct  a  protein. .  .what 
j.obiems  are  involved.    ©    First,  remeber  thrt  proteins  are  very  . 
large  molecules.    Any  oneprotein  of  average  size  will  contain  approx- 
imately 4700  atoms  connected  with  covalent  bonds.    Of course,  the 

^        «  „  ,  ^       „  «jw,nfio-i  bv  considering  it  to  be  made 

structure  of  a  protean  Ccut  dc  ^jjp— 1.  jno 

of  larger  stbunits  —  amino  acids,  connected  in  a  linear  sequence. 
But  still,  r>.e  average  protein-has  300  of  these  subunits  tx^th&t 
forms  a  long  and  unrieldy  chain.    Why  is  size  a  problem?    W  well, 
each-  of  the  299  peptide  bonds  connecting  300  amino  acids  together  re- 
quires energy  for  its  formation.    The  tota.  amount  of  energy  needed 
to  make  a  complete  protein  is  quite  large. 

(5)    There  is -another  proolem  too.    Troteins  are  not  only  large, 
they  Sire  complex.    And  yet,  each  different  protein  must  have  precise- 
ly the  correct  structure.    A  .-ingle  incorrect  amino  acid,  an  extra 
amino  acid,  one  missing  amino  a^d  can  eliminate  an  enzyme  s  cataly- 
tic activity.    Just  supplying  enough  energy  will  not  put  the  right 
amino' acids  together.    ©   There  must  also  De  an  input  of informa- 
'  fon  for  determining  the  amino  acid  sequence  of  each  protein  as  it  is 
constructed.    This,  of  course,  is  the  information  of  the  genes. 
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Ecually  important,  these  uust  be  a  reliable  system  for  interpreting 
this  information  faithfully,  for  the  information  would  be  useless  if 
the  rest  of  the  system  made  a  lot  of  mistakes. 

The  complex  protein  synthesizing  system  is  designed  to  trans- 
late genetic  information  into  amino  acid  sequences  and  at  the  same 
time  apply  energy  in  order  to  link  the  amino  acids  together.    In  the 
first  part  of  this  module  I  am  going  to  describe  the  components  of 
this  system  and  give  yo\x\  quick  look  at  their  roles.    As  I  do  this, 
notice  which  components  are  maxnly  involved  with  the  flow  of  infor- 
mation, which -with  the  application  of  energy. 

The  toy  compound  responsible  for  protein  synthesis  in  the  cell 
is  FJIA.    (Y)    RTvA  is  a  polynucleotide,  similar  in  basic  structure  to 
DII-,:    it  contains  bases  (A,  G,  C,  and  U)  linked  to  sugars  that  are 
connected  by  phosphate  groups.    The  detailed -three-dimensional  struc- 
ture of  an  ?:iA  molecule  depends  on  it.  type  and  function.    (O)  There 
are  thrr -  "ypjc  of  KIA  Involved  in  protein  synthesis,  each  ,with  a 
differ-:::*:  .Action  and  a  somewhat  unique  structure. 

,:e  first  type  of  RIIA  to  consider  is  messenger  RNA  (mRNA).  (9) 
As  its  name  implies,  mrlvA  carries  information  from  the  genes  -to  the 
site  of  protein  synthesis.    The  mHKA  for  any  one  specific  enzyme  is 
male  using  the  gene  for  that  particular  enzyme  as  a  template  —  thus 
tr.e  K'J\  carries  the  information  contained  in  the  base  sequence  of 
that  gene  in  its  cvn  base  sequence.    When  the  mRNA  arrives  at  the 
site  of  protein^ryr. thesis,  it  then  directs  the  arrangement  >f  amino 
aciis  ir.td  the  proper  sequence  to  form  the  desired  proteii, .    You  can 
see  vhy  mSILA.  is  thought  of  as  an  agent  or  messenger  for  a  gene. 

?-cv  does  the  messenger  Kl\  carry  information?    How  are  the  in- 
structions ^ior  ordering  amino  ac?r\s  arranged,  or  encoded? 

uB)    Tie  information  of  a  gene  is  contained  in  the  linear  se- 
quence of  i.s  baces.    Since  the  dilz*  sequence  of  a  mRNA  matches  the 
base  sequence  of  the  gene,  the  information  of  the  gene  must  also  be 
in  the  z31lk  base  sequence.    This  information  is  arranged  as  groups 
of  three  bases,  called  codons.    Each  codon  specifies  a  single  amino 
aci-".    rhen    a  messenger  ?:iA  is  "read",  it  is  read  codon  by  codon. 
At  the  same  time  appropriate  amino  acids  are  added  to  a  growing  poly- 
peptide chain  one  by  one. 
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The  mHNA's  function  as  a  linear  message  ...  as  f°^ct°L 
codons  read  .in  order  ...  tells  us  something  about  it.  ^ture. 
In  solution  by  itself,  the  mRNA  may  be  looped  or  fert  or  rolled  xn 
a  ball  or  tied  in  a  knot.    Some  loops  may  even ^ssenti  alfor 
starting  the  process  of  protein  synthesis.    But  when  the  mHKA is 
Erecting  protein  synthesis  it  must  be  pretty  well  ^^0£* 
itrcodons  can  be  decoded  in  the  proper  sequence.  ^"ef°r^.™i 
u^uany  Sink  of  mRNA  as  being  a  long,  fairly  straight  molecule, 
just  as  shown  in  this  slide. 

The  next  type  of  RNA  is  transfer  RNA  (tBNA).     ©  « 
serves  as  a,  adaptor  or  decoder  molecule  ^^^^has 
translate  the  information  contained  on  the  mRNa.    Each  tRNA  has, 
on^ne  end,  a  great,  of  three  bases  called  an  anticddon.    On  its 
Sher  end,'tteetm  holds  an  amino  acid. 
antidodon  are  cc^ary 

e  ^no^ld  o^ihe  tm  corresponds  to  that  parti- 
cula    "c"on.     (13)     For  instance,  one  type  of  t RNA  called  t^trp, 
wht~  carries  tfef  amino  acid  tryptophan   has  an^ticodon  ACC, 

is  complimentary  to  the  codon  for  tryptophan,  UGG.    An°^". , 
f^-A    JiST   carries  the  amino  -acidglutamic  acid  and  has  an  anti- 
tRuA,  tR-lAgiuj  carries.  w.e  .  ,      f     elutamic  acid,  GAA. 

oodon    CUU.  that  is  complementary  to  a  coaon  ior  ' 
codon,  t,uu,  x  J  signifies^  amino  acid,  there  is 

xri  g^nciaj.,  1O1  cat...  i-uaua  °V       /TjA     .    a  f irSt .  crude  . 

a  tRNA  with  a  complementary  anticodon.. WO    As  a  ^t, 

need  only  be  hooked  together  with  peptide  bonds.  • 

The  structures  of  the  tRNA  molecules  are  quite  unusual.  © 


:6"  I 

I 

shown  on  the  slide:    the  amino  acid  is  connected  to  the  base  and 
one  end  of  the  KSk  chain;    the  anticodon  is  in  the  middle  loop. 
There  are  some  snail  extra  loops  or  "arms"  that  vary  from  tRNA  to 
tHKA.    These  give  each  tKlA  a  little  individuality. 

^)    In  solution,  tRNA,  molecules  probably  do  not  look  like 
clover  leaves.    No  one  is  certain  yet  what  tRNAs  really  look  like, 
but' one  of  the  ideas  is  shown  on  this  slide. 

The  third  type  of  RIIA  is  ribosomal  KNA  (rRNA).     (l^)     Riboso-  f 
mal  rllA  is  -never  found  alone  in  the  cell.    It  is  always  associated 
with  proteins  to  form  ribcsones.    Ribosomes  are  fairly  J^arge  bodies 
vith  molecular  weights  of  around  3  million  daltons.     ^o)    You  have 
seen  them  as  distinct  particles  in  electron  micrographs  of  cells. 

T-  j  function  and-  the  structure  of  rRNA  is  still  jnyterious',  "^ut 
ve  dc  kr.rv  a  lot  about  the  faction  and  stracture  of  the  whole  ribo- 
sace~  .    Ribosomes  are  the  machines  that  .  hold  together  and  operate 
all    .-e  other  cor^onents  of  protein  synthesis.     (lg)    They  bind  to 
z?ll^  ar.d  to'  mSLlk     (20)    and  they  also  bind  to,  or  contain,  various 
enzymes  that  forr  peptide  bonds  between  amino  acids    and  catalyze 
Owher  steps  of  the  process.    One  of  the  functions  of  ribosomes  is 
to  move  elcng  nHNA  in  an  orderly  manner,  matching  the  tRNA  with  the  j 
proper  £L  * ^.codon  to  each  codon  of  the  mHNA  in  its  turn.  J 

(2l)    As  you  might  imagine,  since  a  ribosome  is  large,  it  is 
also  ccrplex.    Every  ribosome  has  twc  suburits,  a  small  and  a  large 
one.    The  small  subunit  birds  the  mRNA;    the  large  one  binds  the 
tZ'J-s.    The  5 rail  subunit  contains  a  small  rRNA  and  20  proteins; 
the  lar<r'/  subunit  has  a  large  rFJIA,  p  very  small  rRT^A,  and  about 
30  proteins.    The  actual  ziz^  of  the  small  and  large  subunit s  de-  J 
rer.d5>  en  where  they  were  made.    In  bacteria,  blue-green  algae,  in  ? 
plas:ii-,  of  plants,  and  in  mitoc.  ^ndria  of  plants  and  animals,  the  ' 
.Ibcscmes  are  relatively  small,    in  t.;e  cytoplasm  of  eucaryotic 
cells,  both  plants  and  animals,  the  ribosomes  are  somewhat  larger. 

^2)    There  are  other  components  of  the  protein  synthesizing 
system  that  I  haven't  mentioned  yet.    Most  of  these  are  enzymes:  . 
er.zyrjes  to  hook  an  amino  acid  to  its  corresponding  tRNA,  enzymes 
that  help  the  ribosome  ±ove  along  an  mRNA  yet  are  not  part  cf  the 


MOD  241 


ERLC  °^ 


I 

-J 


ribosorne  or  rJCIA,  etc.    Also,  there  ar-  the  r  ounces  of  energy  which 
are  so  crucial:    these  are  ATP,  the  ccrr.or  er.er^/  carying  nolecule 
of  the  cell,  and  GTP,  which  is  like  AT?  c.  c-pt  for  a  guanine  (G) 
base  in  place  of  the  adenine  [k)  b^e- 


The  next  object  of  this  module  is  to  d<  scribe  the  process  o 
protein  synthesis:  the  steps  that  the  ioEIAs ,  trC&s^and  ribosones 
perform  in  order  to  produce  a  polypeptide  chair..  -2^  Azon~  the. 
steps  involved  are  these:  (1)  Charge  t;.e  tFILts.  -hat  is,  bind- 
ing the  appropriate  amino  acids  to  each  t'lIA.  ;2)  Initiators  pro- 
tein syn -he sis  —  combining  a  ribosorv  wi*h  an  r.TIA  and  the  first 
VBSk.  {Z)  Dlrr.oLlnj,  Vr*  protein  cha:*  -  cr-clr.ir^  the  anino 
acids,  in  orX-:.'  v>A  -  ptide  bon^s.  >.  'I\r:_,atiir  protein  syn- 
thesis      r:h^h:  *  he  corxleted  prov._n. 


i 

i 


I  .-aid  earlier  that  tRhA 


ftrr^  discuss  charging,  yhy 
ha/j  -  ^       >  :f  ;^:.uir.t~  -  v-  co^i^c,  ^  no  a—  -n—  a. 

t.-  -   -  or.pe:  ooaor  in  the  sI^IA,  th:s  ^r.r  irir^  the  ardiw  acid  of 
^.  -      ^-v^r-ate  rl^ce  ir.  the  final  r 2 1;. ,   ,  ;ilo  chain.    The  process 
.b     v.ic   t?*l:.  picks  up  an  amino  acxi  is    "illed  «"  Ither  t?IA  cnarfong 
anJr.o  acxd  activHtlor.    Enzymes  c\l  ?:  :r:\.  a-   r:-;uired  to  30m 
the  ard.no  acid  to  the  MOL\.    Th-  e:— —  -  -.re  caldci  ~-ino  acid  a::i- 
vatin-  enzy-e:  or  ard.no-*cyl-t?:i»\  ry- h-r  .isa.:.     (ky     They  provide 

-■  — — — ■ —  -  ■        ,  — — :   '     "       .        t  ..       _       j  ^      „  ^  v-  4-      ~  -;  ~,  ^ 

acid  activating  er.zyre  for  each  rcr  «c.\    Each  ar^ino  acid  acti- 
vating »*-r  "r.:-  ivjcorni  zes  only  its  owr.  a.  :o  :r:id  and  its  anino 
acid's  zK'J.  ani  links  these  tojeth-jr.    1}  ;  uroyrrj  fon^  a  ccvalent, 
high-energy  bcrri  between  the  ard.no  t  J  ■  1  1  '  .  r>  n  ^n:l  (the  31  end) 
°*  "  ^v     ^no  »  .:-.r-*v  ^  "v*:v-^  this  bene1  cores  in 


cf  the  tF;i«  chain,     [2t;  rne 

the  forr.  cf  A^x1.    Ky.cn  the  en'rrM  lin^s  * 'V'  ^m?  ac:a  ana  w.--^, 
9X  the  sai;s  t-'.i  splits  A'r*  irtt  Ah    ^:  "  ^rcrhos;  .ate  {two  cor^- 


;  AT:  provides  the 
^weeri  srd.no  acid  and  tRll\, 


D^nea  pnospnazer ;  ; 
energy  for  forming 
This  energy  vlll  Ltf  -l^'  for  f,'-h.^  cv  ^jplide  bond  beLwen 

this  aaiino  -° c :/l  and  another. 


iTo  su^iarize,  the-  oh?rGin-  cf  -.15  two  functions;     (1;  to 

match  each  ird.no  acid  to  the  prcp-r  : ar.J  its  an:  Lcodon;  i,2)  to 
activate  the  amino  acid  «  that  is,  ::  irrp  in  energy  that  will  even- 
tually be  used  to  connect  it  to  another  ^iin?  acid  with  a  peptide 
bond. 
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Our  further  explanation  of  this  process  will  be  illustrated  by 
pictures  of  a  cardboard  model  of  nrotein  synthesis.    Here  are  the 
components  used  in  this  model,     (gj)    From  bottom  to  top,  these^are 
the  messenger  flNAs,  the  transfer  KNAsx  and  the  amino  acids.  (£§) 
here  are  transfer  HNAs  with  the  amino  acids  hooked  onto  them. 

f'This  is  the  ribosome,  showing  the.  large  and  small  subunits. 
tfs  start  synthesizing  a  protein  by  charging  a  mixture  of  tKNAs 
vith  their  amino  acids.  4 

(30)    The  next  step  is  initiation.    To  start  the  real  process  of 
cakiEga  protein,  a  ribosome  must  join  with  an  mKNA  and  an  amim^acyl 
tSIIA.    The  ribosone  actually  binds  to  the  mHPflLin  two  steps:  (g} 
first  the  small  subunit  binds  to  the  mMk;     (3|)     these  two  components 
bind  to  the  first  aaino  acyl  tKNA;     @'    finally  the  large  ribosome 
subur.it  bi  ids  to  complete  the  group.    In  bacteria,  initiation  of  a 
polypeptide  chain  always  begins  with  an  unusual  amino  acid  calleu 
i;- ferny lnethionir  -  or  fmet  for  short.    This  tKNA  binds  to  the  codon 
AT;S^  fZ  -ol\ptptiae  chains  always  start  at  an  AUS  base  sequence  on  a 
-  ^esc^jf  r.  "ir*  eucaryotes,  the  story  isjauch  the  same,  except  the 
Z~A<-    acid  on  the  initiating  tRNA  is  plain  methionine  or  met,  without 
thr  :%crzyl.    The  first  codon  is  still  AUG*. 

The  next  step  in  proteip  synthesis  is  elongation.  Elongation 
includes  all  the  steps  needed  to  add  one;aMno  acid  to  a  peptide  chain. 
The  first  step    @     is  to  add  the  next  erino  acvl  tRNA  corresponding 
to  the  next  codon  on  the  mHNA.     The  next  step    \g)     is  connecting, 
the  first  and  second  amino  acids  by  a  peptide  bond.    An  enzyme  part 
of  the  ribosome  fe*ms  the  peptide  bond.    It  removes  the  first  amino 
acid  (fmet)  from  its  tHNA^  and  uses  the  energy  stored  in  the  bond.be- 
*veen  that  asino  acid  and  tHNA  to  form' the  peptide  bond  between  the 
first  ar±no  acid  and  the  second.    The  result  is  a  two-amino-acid  poly- 
peptide attached  to  the  latest  tRKA.    This  is  called  a  peptidyl-tKNA.  ^ 

Next,  the  ribosome  moves  along  the  m?MA  to  the  next  codon. 
Or  you  night  say  that  the  mHNA  naves  alone  the  ribosome.    The  pep- 
tidyl-tFJIA,  .which  sticks  to  the  mRNA,  #oves  with  respect  to  the  ribo- 
sone  too.    This  opens  up  the  spot  ^dn  the  ribosome  for  the  next  amino- 
acyl  trCIA,  the  on^corresponding  to  the  next  codon.     \gp    We  can 
ai?  this  tKIA;     @)  .  the  ribosomal  enzyme  can  move  the  polypeptide 
chain  formed  from  the  first  and  second  amino  acids  onto  the  third 


-9- 


amino  acid,  Joining  then  with  a  peptide  bond;     @)    and  the  ribosome 
can  move  again.    As  the  ribosome  moves,  the  usedtKHA  .that  has  just 
lost  the  peptide  chain  is  released.    It  goes  back  to  be  recharged 
with  another  amino  acid. 

(k&    Each  time  the  ribosome  moves,  two  molecules  of  GTP  are 
hydrolized  to- GDP  plus  one  phosphate.    The  energy  released  by  this 
hydrolysis  is  used  to  push  the  ribosome  along  the  viSSk. 

9" 

(5)     To  summarize,  there  is  a  three  step  cycle  for  adding  each 
amino  acid  to*  growing  polypeptide  chain:    (1)  add  the  amino-acyl 
tHRa-    (2)  form  the  new  peptide  bond  between  this  new  amino  acid  and 
the  amino  acid  immediately  preceding  this  one;    (3)  move  the  ribosome 
along  the  mHNA  one  codon.    After  each  cycle,  the  ribosome  has  moved 
c^on,  and  the  polypeptide  chain  has  s*Swn  by  one  amino  acid. 

-rlly      ©     the  ribosome  reaches  the  end  of  the  message, 
the    *kr,t  vhere'the  polypeptide  chain  has  been  completed.-  At  this 
tkt-  '  there  is  a  special  codon,  UAA,  UAG,  or  UGA.    No  tBGA  has  an 
anticodon  that  fits  any  of  these  codons.    Instead,  these  codons  are 
recognized  by  ST,eci4l  enzymes,     ©     called  release  factors.    In  the 
presence  of  one  of  these  termination  codons  and  the  appropriate  re- 
lease factor,  the  polypeptide  chain  'that  is    xne  completed 
protein)  is  rele^d  from  the  ribosome.     @     Then  the  ribosome  u- 
self  falls  off  the'jaHHa,   ©     splits  into, subunits ,  and  returns  to 
the  beginning  of  a  message  to  start  another  protein. 

What  do  ribosones  and  messenger  EIIAs  look  like  when  they  ar: 


operating: 


For  one  t 


igj 


each  messenger  I'llk  can  be  read  by  mc  -<= 


than-  one  ribosome.  i  {U§     In  fact,  at  the  came  tune  that  one  ribo- 
some is  moving  along  the  m?:";  another  ribosome  may  clamp  on.o  tr.e 
initiation  site  of  the  same  mm  and  start  producing  a  second  poly- 
peptide.   As  soon  as-  this  second  -iboscme  has  moved  away 
initiation  site,  a  third  may  follow  -.he  second,  and  so  on,  un.il  a 
dozen  or  more  ribosomes  are  reading  a  single  aSX*  strand.    I«,  is  im- 
portant to  note  her  that  all  the  ribosomes  readme  same  message 
alise  and  therefore  produce  the  same  ,-otcin.     ^    When  two  or 
more  ribosomes  are  reading  the  same  mIuiA,.the  entir^  =°3P^*^ 
called  a  -polysome.    Here  is  a  diagrum  and  here,  (£■ 


a  picture  of 
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po^oBes.  are  found  ^^S^S^SS^ 

.  fccactly  where  in  the  ceU  does  Jf***^*!^?^*. 

ttere  are  the  »  faroSS  thf perttbery  of 

alnost  anywhere.   They  may  be  f101-1^  J™  „,..lear  area.  @ 
the  ceU,  hut  the  JEW 
In  fact,  here  is  a  picture  that  snoys  means 
f^es)  ihat  is  J^^tSb*         these  are 

outside  the  cell  membrane.  • 

m  a  no^  cen   the  ^  f^tff^S^^  * 
orchestrated  beautifully.    All  c^0^ciently!    They  translate 
.that  none  are  idle  and  all  are  used  effx cxently^  ™  J         gupply  of 
many  messages  at  the  same  tW,lotW  different  iat  ion. 

all  the  different  proteins  it  needier  grwtn  ana       ^ecific  pro. 
Furthermore,  the  system  ^J^^J^^  the  ariouSs  in  which 
teins  are  synthesized  af  'the  *^  „ot  entirely  under- 

^^^^^^^  -  synris 

'makes  another  fascinating  story.  ^ 
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ATP  (adenosine  triphosphate)  —  a  cofactor  in  energy  metabolism,  con- 
taining one  base  (adenine)  and  a  sugar  (ribose)  coupled  to  three 
phosphates  attached  in  series*    Considered  a  source  of  energy  to 
'drive  reactions  because  hydrolysis  of  one  or  two  phasphates  from 
ATP  releases  free  energy. 

/amino  acid  —  organic  compound  containing  carboxylic  acid  and  amino 
functional  groups.    Twenty  amino  acids  are  subunits  of  proteins. 

amino  acid  aqtivation  —  the  coupling  of  an  amino  acid  to  a  tKNA  mole- 
cule; considered  "activation"  because  the  b^nd  between  £mino 
acid' and  the  tRNA  requires  energy  to  fona,  and  its  hydrolysis 
releases  energy.    tRNA  charging. 

amino  acid  activating  enzyme  —  the  enzyme  catalyzing  amino  acid  acti-  v 
vation.    There  is  a  different  encsymefor  each  amino  acid. 

amino  acyl-tENA  —  a  tRNA.  with  its  corresponding  amino  acid  attached, 
amino  a,c\l-tHNA  synthetase  ~  an. amino  acid  activating  enzyme. 

anti^^don  —  a  group  of  three  adjacent  bases  on  a  tEKA  that  is  compli- 
mentary to  the  codon  corresponding  to  the  amino  acid  of  that  tRNA. 

qharging  of  tRNA.  —  amino  acid  activation.    Combining  a  tRNA.  with  its 
corresponding  amino  acid.    Considered  "charging"  because  it  allows 
the  tRNA  to  participate  in  further  steps  of  protein  synthesis. 

codon  —  a  group  of  tfe^ee  adjacent  bases  on  mRNA.    A  unit  of  informa- 
tiorf  which  specifies  one  amino  acid  (or  termination)  in  protein 
synthesis .  — 

complementary  —  in  nucleic  acids,  forming  a  stable  base-pair  con- 
nected by  hydrogen  bonds.    A  codon  is  complimentary  to  an  anti- 
codon  if  the  three  bases  of  one  form  baserpairs  with  the  three 
^bases  of  the  other.  » 

elongation  —  in  protein  synthesis,  the  process  of  lengthening  a  poly- 
peptide chain  by  sequential  addition  of  amino  acids  coded  for  by 
an  mEIIAv 

GTP  (guanosine  triphosphate)  —  a  cofactor  in  energy  metabolism. 
Contains  one  base,  (guanine)  and  a  sugar  (ribose)  coupled* to 
three  phosphates  attached  together  in  series.  Considered  a 
source  of  energy  Hie  ATP. 
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initiation  -  in  protein  synthesis,  the  first  step  in  the  direct 

translation  of  an  mHNA}  the  combination  of  a  riboaome  with  an 
*'    mSILA  and  an  initiating  tRNA. 
mHNA  (messenger  HNA)  -  component  of  the  protein  synthesizing  system 

specifying  the  order  of  amino  acids.   The  RNA  formed  using  as 

template  the  gene  for  a  specific  protein, 
peptide  bond  -  the  bond  connecting  adjacent  amino  acid  subunits  in  a 

protein.   A  bond  -formed  between  a  carboxyMc  acid  and  an  amino 

group. 

peptidyl  tKKA  —  a  tRNA  attached  to  a  chain  of  amino  acids,  found  only 
as  an  intermediate  structure  during  the  elongation  |hase  of  pro- 
tein synthesis. 

polysome  (polyribosome)  -  a  structure  consisting  of  one  mHNA.  and  two 
or  more  ribosomes  in  the  process  of  translating  the  mHNA. 

release  factor  —  a  protein  that  recognizes  a  termination  codon  and 
terminates  protein  syr thesis,  leading  to  the  release  of  the  pep- 
tide chain  from  the  riujsome-tRNA. 

EiA  (ribonucleic  acid)      a  polymer  of  ribose-containing  nucleotides; 
a  principal  material  in  the  protein-synthesizing  apparatus. 

ribosc-    —  the  largest  structure  involved  in  protein  synthesi'  i  the 
.     structure  that  binds  together  all  the  other  components  of  protein 

synthesis;    a  cellular  organelle  formed  from  two  subunits,,  each 

of  which  is  formed  from  RNA  and  protein. 
rRUA  (riboscaal  RNA)  -  any' molecule  of  RNA  incorporated  in  the  basic 

structure  of  a^ribosome;  distinct  from  mHNA  and  tRNA. 
tHKA  (transfer  RNA)  ~  components  of  the  protein  synthesizing  system 

that  allign  amino  aci'ds  according  to  the  sequence  of  codons  on 

an  EJKiA..    RNA  molecules  with  anticodons,  capable  of  bonding  co- 

valently  to  amino  acids, 
termination  -  in  protein  synthesis,  the  final  stage;    includes  the 

release  of  the  polypeptide  chain: from  the  protein  synthesizing 

apparatus  and  the  detachment  of  tRNA,  mHNA,  and  ribosome  from  - 

one  another.' 
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MOD  243    Corret*4jjig  Manipulatives  with  Mathematics  Textbooks 


The  purpose  of  this  MOD  is  to  allow  you  to  develop  a  £lan  for  using 
manipulatives  with  a  textbook-oriented  mathematics  program. 

0 


..INTRODUCTION:  The  following  systems  in  the  Western  Kentucky  area  have 
adopted  the  Houghton  Mifflin  Company  mathematics  series 
for  the  period  1977-1982: 

Caldwell  County  Fulton  Independent  Logan  County 

Calloway  County  Graves  County  Rugsellville  Independent 

Murray  Independent  May field  Independent  Marshall  County 

Carlisle  County  Hickman  County  Paducah  Independent 

Christian  County  Hopkins  County  Muhlenberg  County 

Daviess  County  Dawson  Springs  Independent  Central  City  Independent 

Fulton  County  Livingston  County  Greenville  Independent 

Todd  County 
Trigg  County 
Union  County 
Providence  Independent 


Assume  that  you- are  a  beginning  teacher  who  has  recently  been 
employed  by  one  of  the  above  systems.    You  will  be  assigned  to  a  class- 
room Ji  the  grade  of  y  *ur  choice, 1-6.    Since  manipulatives  available  in 
youx^ciussroom  may  be  limited,  you  do  have  accessible  all  the  manipula- 
tive in  t;he  Murray  State  SME  Resource  Center  available  for  check-out 
and  use. 

OBJECTIVES;    After  you  have  completed  the  MOD  you  wili  present  a  list  of 
manipulatives  that  are  available  in  the  SME  Resource  Center 
for  each  unit  of  the  first,  semester  (first  half  of  the  text) 
along  with  a  plan  for  utilizing  the  manipulatives  in  the 
classroom.     The  list  should  include  at  le^st  five' different 
jnanipulatives  and  several  games. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Houghton  Mifflin  Company  Elementary  Mathematics  Textbook  series 

2.  Other  elementary  math  textbooks,  and  teacher's  guides  in  the 
SME  Resource  Center, 

3.  Manipulatives  and  games  in  the  SME  Resource  Center 

4.  iJuide?  and  resource  books  for  using  manipulatives  and  games 
in  the  Resource  Center 

PROCEDURE: 

I 

1.     For  the  grade  level  you  select,  review  the  material  in  the  text, 
teacher's  guide,  and  supplementary  material  for  the  Houghton 
Mifflin  Textbook  series. 

V.     For  each  unit  identify  tuul  list  appropriate  manipulatives  and 
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l    games  for  the  unit. 
3.1   Write  a  paragraph- type  description  for  each  unit,  describing 
how  you  plan  to  use  the  materials.    Include  copies  of  work- 
sheets and  handouts  if  not  a  part  of  the  Houghton  Mifflin 
materials. 


FINAL  ASSESSMENT: 


ring  the  textbook  packet  and  your  materials  to  the  assessment 
ysessiovi.    Be  prepared  to  discuss  and  defend  your  plan. 


53J 
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*MOD  244    Regulation  bf  Protein  Synthesis:    The  Operon  Hypothesis 
OBJECTIVES:  . 

1.  Define  and  distinguish  between:     repressor,  inducer;  operon, 
operator;  repression,  feedback  inhibition. 

2.  Explain  the  sequence  of  events  by  which  an  inducer  molecule  cat) 
increase  the  rate  of  synthesis  of  a  specific  protein, 

'   3.    Suggest  at  least  two  ways  in  which  one  inducer  might  change  the 
rate  of  the  synthesis  of  two  different  enzymes  at  once. 
4.     Predict  the  effects  of  mutations  in  various  genes  of  the  lactose 
operon  on  the  regulation  of  the  synthesis  of  3-galactpsidase. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS : 

1.     This  MOD 

2      General  Biology  references  on  Regulation  of  Prote^  Synthesis:  the 
Operon  Hypothesis 

3.  Biology  Media  instructional  materials 

4.  Singer  Caramate. 

FINAL  ASSESSMENT: 

1.  See  objectives  above. 

2.  Be  prepared  to  discuss  the  questions  listed  at  '-he  end  of  this  MOD. 


■j 


*MODs  235  and  238  both  must  be  satisfactorily  completed  before  this  MOD  is 
attempted.  / 

/ 

j 

*  \ 

*  / 
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INTRODUCTION: 

Descriptions  ' of  the  components  and  the  chemical  reactions  of  protein  synthesis 
and  of  the  translation  of  the  g.enetic  ,code  provide  the  basis  for  understanding 
how  genes  direct  the  synthesis  of  specific  proteins,  but  they  do 'not  tell  the 
whole  store.     Not  all  genes  function  all  the  time  and  at  maximum  rate.  Instead 
different  genes  turn  on  and  off  in  a  well  orchestrated  sequence  to  provide 
controlled  patterns  of  growth  and  development.    When  a  gene  directs  the  synthesis 
of  its  protein  and  how  much  protein  it  makes  is  important. 

In  a  typical  bacterial  cell,  there  are  certain  proteins  that  occur  in  large 
quantities,     others  that  occur  in  small  quantities,  and  a  third  group  of 
proteins  that  appear  only  at  those  times  and  in  tho^e  quantities  at  which 
they  are  required.     Molecular  biologists  have  studied  this  third  group  in 
greatest  detail.     The  best'example  is  a  group  of  enzymes  that  allows  the 
bacterium  E.  coli  to  grow  on  the  sugar  lactose.     The  presence  of  lactose  in 
nhe  growth  medium  "turns  on"  the  genes  that  direct  the  synthesis  of  the 
enzymes  thar  degrade  lactose  to  a  simpler  and  more  usable  sugar,  glucose. 
V1  en  lactone  is  absent  or  Is  used  up,  the- genes  are  "turned  off"  and  the 
:  /n.es  are  not  synthetized. 

ladies  of  the  effects  of  lactose  on  E.  coli  have  J  id  to  the  qperon  hypothesis, 
which  attemps  to  explain  how  the  activities  of  genes  can  be  controlle4  by 
compounds,  like  sugars,  inside  or  outside  tb**  cell.     The  operon  hypothesis 
suggests  (a)  that  the,  amount  of  enzyme  produ    d  depends  cn  the  amount  of  mRNA 
made  from,  that  enzyme's  DNA  gene;  (b)  that  tu  amount  of  mRNA  made  from  a 
gene  is  regulated  by  a  special  procein  call e 1  a  rcpressoi :  (c)  that  the 

ability  of  a  repressor  to  control  mitNA  synrh   ;is  can  be  increased  or  de- 
creased by  sugars  or  other  compounds  ^related  to  the  function  of  the  enzyme 
concerned.  -  - 

The  purpose  of  this  module  is  (a)  to  describe  the  E.  coli  lactose  metabolism 
as  an  example  of  regulated  ;;ene  activity,  and  (b^  to  show  how  the  operon 
hypothesis  explains  the  mechanics  of  the  regulation  of  gene  activity. 

OUTLINE:  7  , 

\I.     Introduction;    Genes  are  regulated. 

A.  Classes  of  pr  :eins  in  j?.  coli 

B.  REgulation  of  sugar-metabolism  enzymes 
II.     Operon  hypothesis 

A.     Transcription5 and  translation  of  genes 

Bl     Tenet  1:     cell  regulates  synthesis  of  mRNA 

Tenet  2:     repressor  r.nd  operator  control  (inhibit)  mRNA  synthesis 

'       Repressor  synthesis 

2.       ^pressor  action  *  % 
D.     Teno    J:     inducer  inactivates  repressor. 

1.  Repressor  binding*  sites 

2.  "nducer  action 

Review  of  Lactose-metabolism  regulation. 
III.  Conclusions 
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REGTJIATION  07  PROTEIN  SYNTHESIS: 
THE  OPERON  HYPOTHESIS 


(l)    Genetic  information  in  DNA  can  "be  transcribed  onto  HhA  and 
used  to  direct  the  synthesis  of  proteins,    (2)    This  is  the  basic  pro- 
cess "by  vhich  genes  determine  an  organism's  nereditary  traits.  However, 
the  formation  of  KRA  and^the  synthesis  of  proteins  using  this  ENA  does 
not  coinpletely  explain  t5ie  flow  or  information  by  which  genes  deter- 
mine the  shape  and  character- of  cells  and  organisms     There  is  at 
least. one  additional  factor  needed  to  insure  that  genetic  information 
is  used  properly.    This  factor  is  control  ...  control  of  the  rates  at 
ijhi^h  diffe:ent  genes  are  used  and  different,  proteins  are  formed. 
[3j    ^  -  'itching  system  as  complex  as  that  in  a  power  plant  musu  regu- 
late t\e  rates  of  gene  functions, 

 If  all  genes  worked  full  out  at  their  maximum  rates,  you  might 

oxpect  a  uniform  mixture  of  all  different  kinds  of  proteins,  whereas 
in  fact  each  cell  is  much  more  balanced  and  has  a  much  more  specific 
composition,  with  certain  proteins  needed,  and  found,  in  higher  con- 
centrations than,  others.    To  show  how  carefully  a  cell  controls 
comporition,  I  want  to  describe  a  bacterium,  Escherichia  coJLi. 
If  one  chemically  analyzes  E.  colijeells,  one  finds  that  their  proteins 
fall  rox^hly  into  three  groups .    ^5)  -'Shis  picture  represents  the  in- 
£  ie  of  a  E ,  coli  cell,  and  the  colored  bodies  represent  groups  of 
proteins.    Hie  re  is  one  group  that  occurs  in  relatively  high  quantities, 
like  the  yellow  bloos.    Presumably  the  cells  need  lots  of  these  pro- 
teins.   For  instance,  ribosom?,!  proteins  (those  proteins  that  combine 
with  the  rHNA  to  make  the  ribosomes)  constitute  ten  per  cent  of  the 
total  cell  protein.    Other  enzymes  needed  for  protein  synthesis  are 
also  present  in  high  quantities.    So  are  enzymes  needed  for  making  ATP 
and  enzymes  needed  for  making  cell  walls. 

Another  group  of  proteins  occurs  in  relatively  low  quantities, 
like  the  red  squares.    In  this  qase,  just  a  few  molecules  <per  cell  are 
sufficient  to  satisfy  the  cell's  requirements.    This  group  include^ 
J)?[k  polymerase  (the  enzyme  that  replicates  the  genome)  and  other  en- 
z;ymes  used        making  compounds  which  are  themselves  needed  in  small 
a^unt.s.    Thi  different  relative  amounts  of  these  two  groups  of 
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•  ,m  „  .,.  w  referent  Renes  are  controlled  independently. 
SjfSS.-SS  Sie  rSoso^TrotfiSs  vork  ^ch  faster  or  be  . 
^Id  on  Sr.  c^en  than  the  gene  that  makes  DM  polymerase. 

The  4ird  groun  of  proteins  illustrates  the  principle  of  gene 
ca*t*S evet letter.    In  this  group,  symbolized  by  green 

are  many  exa^-x^  w»*  t-„  vill  talk  about  this  set 

P,;iP,r  -nas  been  oxtensiveiy  studied,    *e  win  tcujs. 

tCTgbout  the  r-.-st  of  txis  module. 

-rce^s  +he  sources  of  carbon. and  energy  that  bac- 
ker,-P   ...        rrc  4/*Bacteria  often  grow  on  sugars;    but  not  all 

"eria  J  ^P-ui     (8)    Glucose  is  the  sugar  most  readily 

sugar^  are  ^  :f  g^caose  is  present  in  the  growth  medium, 

^  - -~'or'0  it,  usirw  a  carrier  called  glucose  permease  -o 

5    dio-Q^  nc  then  dire 


is  ctcry 


;u<rar  across 


ross  thrill  membrane.    -he  sugar  is  then  directly 
u-   -  -c-  -rewth,  obtaining  energy,  and  for  making  °ther  s^  *°le" 
■  V  i>:^-    —-is     I'  glucose  is  not  present  in  the  growth 

^o-ve'r^ar  isfthe  situation  changes.    The  other  sugar 
absorb^  ani  (usually)  conW-ed  to  glucose  before  it  r 

can  be  used. 

— ic  I  will  describe  involves  the  sugar  lactose,  the  main 
•7r:.-Lr     <1T)    In  order  for  a  bacterium  to  grow,  using 
V'r-^-'ar-  er-rgy  source,  the  bacterium  must  move  the 
tlT":::  ^-erZT,^  irto  the  cell  with  a  special  pro- 
-e<n  c^^-^^'osr^rSease,  and  then  split  the  lactose  into  two 
sein  carl-.t.,  J~^J"  *  *  ,      L„t,,idase     One  of  the  pieces  is  glu- 

cos'     -vs  glucose  .L^nTel  directly  for  growth.    (The  Aher 
!°P;;  ev-lAly  <s  cc.vcrted  to  glucose  and  used  also.)  The 
06  ^ose  i> -lease  and  beta-galactosidase,  needed 

mair  "point       -n**-  -ac-aot.    -  .  „an      tvipv  are 

ZT-tUu--  ^  la— os.-,  are  no-  a^vr.ys  present  in  the  cell,    iney  are 
iSaSSInS  fen^he  cell  grows  on  lactose     They are  hardly  pro- 
Lced  at  all  ?n  t*  eg «««  *  ^  ^  Ete  mediu* 
F^^^Z^S  ri-e  permease  *A£ta- 
galactosidase  and  starts  the  synthesis  of  these  proteins.  ^ 


The  c 
sugar  four.; 
lactose  as 

—  ^  rt  ^  ^  ^  ^    i  *  , 
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Lactose 


.       e  is.  often  tailed  the  >S^£?Sg2&  %£Z,V? 

/->v  i«4-^9    That  is   what  is  the  mechanism 

©    How  are  genes  restated     mat  is,  s_  Ve 

behind  gene  control?   Unfortunately, ™         ^2*1  proteins  make 

do  not  tew,  for  instance,  why  the  geres  for  rioo.  p 

m0re  product  than  the  genes  for  SS^1»  , 

ir'inlSr  y  r^rs^nUsSrS^acoh  and  .acues 
£Sd      ©    Xt  is  known  as  the  Ooeron  Soothes!*. 

•  In  order  to  describee  »«**»^&^£l2«  »- 
™Z™^V%A"£*£  T« -cognlte  the  • 

,  ,e  ,esse^er  »  Is  «e^to  dxrec   th ^"^d  „  pro- 
by  ritosomes,  transfer  H8A,  and  We  o^         £^       „otc  ttot  os- 
tein synthesis,  *^  ™r^e%^£vVbacteria.    Each  one  lasts 
senger  Ktts  break  down  «•«>«  qutcK^  ^  ^i^ally  syn- 

nriv  or^  to  five  nirmtes.    mereiore,  wruv~>  svnthe- 

maintain  a  supply  ^^ItaSSi&a 
sized,  the  proteins  wrap  themselves  «  ™  ^££°e£  ^  otfcer  cell 
,*..formatlons_anc I  become  /-clonal  -^car^  ^  ^ 

■nSSTS;  rate'a  'wU  n  g n  s  male  messe^er  BHa,  or  polysomes  make 


proteins. 
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prevent  then  from  raking  their  different  individual  proteins,  but 
-     i~:et  rake  then  a.functional  unit  in  at  least  one  respect.    As  you 
a_1L  see,  it  allows  then  to  be  controlled  together  to  produce  protein 
:r  ;;ot  produce  protein  at  the  same  time  in  response  to  the  same  stimu- 
li   This  sort  of  functional  unit  —  one  or  more  genes  controlled  by 

stilus  —  is  called  an  operon.     @    The  genes  ve  are  talking 
i^ZrdZ  form  the  lactose  operon. 

That  brings  us  to  the  Operon  Hypothesis:    ^  description  of  the 
~« oehir.d  the  regulation  of  the  lactose  operon. 

li>    93fe  first  tenet  of  the  operon  hypothesis  states  that  gene 
?-^:--:io\  (or  the  synthesis  of  proteins)  is  controlled' by  regulating 
:  .-..thesis  of  messenger  HUA.     (§)     If  r  gene  is  actively  used  as 
\—   '  r-ZJk  -or  rJSCA  synthesis,  its  proteins  vill  be  produced  from  the 
71;     Tf  a,  gene  cannot  be  used  as  a  template  for  mRNA  synthesis, 
;  -  _  _r.s  vill  not  be  produced.    One  could  imagine  as  an  alterna- 

...r^rility'that  a  cell  could  control  a  gene  by  regulating  the  • 
*  its  riPILn  rather  than  the  synthesis  of  its  mMA.    By  stipulating 
,      synthesis  of  messenger  HNA  is  regulated,  ve  know  that  ve  must 
.  .  Li  early  at  the  DNA  for  the  mechanism  of  regulation. 

21)     Here  is  a  series  of  pictures  shoving  synthesis  of  messenger 
JZLrs,  ar  a  template  the  DNA  containing  the  genes  for  beta-galacto- 
-.         sT*  lactose  permease,  represented  by  the  letters  Z  and  Y.  The 
rolyr^rase  binds  to  the  DNA  at  a  region  ot  the  DNA  called 
/  -  rioter.     (22)     The  promoter  for  the  lactose  operon  is  to  the 
~e  Z.    Once  the  enzyme  binds  to  the  promoter, ^it  moves  to 


alcr^,  the  DNA,  synthesizing  an  RNA  strand.     (23)    The  first 
is  ;:iA  vill  carry  the  base"  sequence  of  gene  Z;    the  next 
rill  carry  the  "^ase  sequence  of  gene  Y.  _  According  to 
et  of  the  ope  1  on  hypothesis,  once  this  DNA  is  Synthesized 
be  used  as  a  messenger  for  the  production  of  beta-galactosidase 
-r,e  v- mease. 

Th    next  teneo  of  the  operon  hypothesis  states  that  there  is 
L-.cole  -ailed  the  repressor,  vhich  can  bind  to  a  region  of  DNA 
rl  xhe  aoi-^tor,    "(S)    The  operator  lies  betveen  the  promoter  and 
gene .     TcFj     When  che  repressor  binds  to  the  operator,  it  pre- 


olynerase  from  transcribing  either  gene  Z  or  gene  Y. 
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a  protein,  coded  for  by  its  ovm  gene  (gene  i).  As 
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ena  always  works,,  so  there  are  always  a  few 
"<n  the  cell."  The  repressor  for  this  lactose 
t  birds  only  to  this  operator:    it  works  only 


V»  r-r.iT 


does  the  repressor  prevent  the  transcription  of . 
-  -V's  ooevon*    There  are  two  possible  ways:    first,  the 

-  "attached  to  the  operator  Aies  very  near  the  promoter, 
'  ^»cr  size  prevent  the  ENA.  polymerase  from  reaching 

-'■  - second,  the  operator-bound  repressor  lies  betweer 
z  and  y.    it  may  prevent  the  RNA.  polymerase 
JA  even  if  the  polymerase  does  succeed  in 


.6 


,113  jAx-' 

.-r.ir 


>,--  repressor  -shows  how  these  genes  can  be  turned 
-  7»  said  so  far,  you  might  guess  that  they  are  al- 
i„    how  can  they  he  turned  on,  and  turned  on  speci- 


of  lactose? 


.trie 


of  the  operon  hypothesis  (which 'explains  how 
on)  states  that  the  inducer  inactivates  the  re- 


voa.  remember,  'is  lactose       it  induces  the 
When  we  say  that  lactose  inactivates  the 


vzes . 


lose 


ffAACii     WW   — r  

•,  id  prevents  the  repressor  from  binding  to  the 
'^i  s  because  the  repressor  is  a  protein  with  the 
i  ree-diniensional  structure  of  a  protein  and  with 

o.-Oy  occur  in  proteins.  The  repressor 

nr.  r-ites;    one  for  the  operator  and  one  for  lac- 
•"  Ghap^'of  the  repressor  and  of  its  binding 
-revneror  absence  of  lactose.     Qp'    In  the  ab- 
cperator-Miiding  site  has  the  correct  shape  to 
9(,;*3r      (§2)    The  presence  of  lactose  on  the, 
ciV.n-sLtilTshkpe  of  the  entire  repressor  protein, 
cianges  the  shape  of  the  operator-binding  site. 
Its  ability  to  bind  to; the  operator. 


xs  present  in  the  growth  medium,  it  enters  the 
lactose  repressor.    This  prevents  the  binding  of 
-  >  u orator.    It 'may  even  remove  e  repressor  alreaay 
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. bound  to  an  operator.  <  This  in  turn  allows  HNA -  polymerase  to  attach  to 
'the  lactose  operon  promoter  and  to  transcribe  the  Z  and  Y  gentes  onto 
messenger  K.IA*~  This  finally  results  in  the  synthesis  of  lactose  per- 
i^ease  and  beta-galactosidase.    Thus  we  see  how  lactose,  the  inducer, 
can  turn  on  these  specific  genes  and  induce  the  Synthesis  of  these 
particular  proteins.  /  * 

To  conclude  the  story  of  lactose  and  see  how  gene  regulation  in 
this  case  contributes  to  the  workings  of  the  cell,  let's  consider  for 
a  ninute  the  life  of  an  E.  coli  bacteriuja-    E.  coli  lives  in  the  lower 
■  intestine  of  can  and  ether  organisms,  At  first,  growing  in  a 

digestive  tract  the  contents  of  which  contain  glucose  br  another  sugar) 
but  not  lactose,  the  bacteriu2N<ould  no't  want  to  waste  energy  or  other 
resources  on  Synthesizing  uselesXlactose  permease  and  beta-galacto- 
sidase.   In  this  situation,  the  cell's  lactose  repressor  would  bind 
firrJ'--       the  lactose  operator.    T*.ese  genes  would  *be  almost  comple- 
lr:"    -  jmii"off  and  very  little  lactose  permease  or  beta-galactosidase 
vc^La  zt  icmed. 

JB)     If  the  host  organism  then  ingested  some  lactose,  it  would 
iothe  bacterium's  advantage  to  manufacture  lactose  permease^and 
beta-galactosidase  in  order  to  utilize  the  new  food  source.  (36) 
At  this  ti=e,  a  zxAll  amount  of  lactose  would  enter  the  cell  (using 
a  residual  pemease  present  all  the' time)  and  bind  tp  the  repressor. 
o3)    The  r^zvssor  would  fall  off  (or  not  bind  to)  the  operator;  RNA 
pclvserase  would  transcribe  the  genes  of  this  operon;    and  lactose 
rer~ease  and  beta-galactpsidase  would  be  foiled.    The  lactose  pennease 
vculd  carrv'  -ore  lactose  into  the  cell  and  the  beta-galactosidase 
would  convert  the  lactose  to  glucose  for  growth. 

%  ^j)    Eventually,  the  lactase  in  the  intestine  would  be  used  up, 
ar-d  the  carrier  and  er :-yae  would  no  longer  be  useful.    When  no  more 
lactose  co-old  be  taken        and  when  all  the  lactose  in  the  cell  was 
brc>en  down  bv  betaTgalactosi'J<,.c~?  the  lactose  bound  to  the  repressor 
v^ul^also  be  used.    (It  i,s  bound  fixzOy,  but  not  permanently,  to  the 
repressor. )     S|)    Then  the  repressor  would  ret  ran  to  the  operator 
ari  synthesis  pf  z.Klk  from  thiJ  operon  would  cease.    Because  existing 
z^ss«nger  klk  continually  breaks' down  (in  1  to  5  minutes),    (U9  the 
synthesis  of  lactose  permease  tod  beta-galactcfeidase  soon  also  would 
stcr.    Eventually,    ©     the  existing  carriers  and  enzymes  would 
oreai  daw.;  or  be  diluted  out  in  the  growing  cell  population. 
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The  Operon  Hypothesis  was  first  suggested  in  2$o0.    It  took  many 

*  years  before  it  was  accepted  as  the  explanation  for  the  regulation  of 
the  lactose  operon.    Even  now,  it  can  only  be  considered  true  for  this 

*  one  set  of  genes.  Other  operons  are  regulated,  hut  the  mechanism  be- 
"hind  the  regulation  may  be  different.    Many  researchers  are  currently 

investigating  the  question  of  how  much  and  in  what  ways  the  mechanises 
of  regulation  of  other  genes  in  other  organisms  resemble  the  one  just 
described. 

The  control  of  genes  is  extremely  important  not  only  in  bacteria, 
1        'but  also  in  the  more  ccrrplex  eucaryotic  organisms.    One  of  the  special 
'         tricks  of  eucaryotes  is  their  ability  to  form  specialized  cells  and 
<  tissues  to  handle  special  functions.    This  is  differentiation.  The- 

formation^  specialized  cells  involves  the  synthesis  of  special  pro- 
teins:    £2)     red 'blood  cell's,  for  instance ;  are  packed  with  the  pro- 
.     teiUV^-giobin;     @    muscle  cells,  with  the  contractile  ±,rot~in  f 
act'"  v j- This  synthesis  of  different  proteins  in  different  cells 
lad   .ates  a  regulation  of  the  <?enes  involved.    The  mechanism  of  regu- 
la'  on  of  genes  in  eucaryotes  will  probably  be  different  from  that 
troposed  by  the  Operon  Hypothesis,.    But  even  with  eucaryotes,  the 
Operon  Hypothesis  has  provided  a  valuable,  ^fjramework  of  ideas  from, 
which*  to  study  the  regulation  of  genes .  ^ 


MOD  244 


er|c  5l" 


0 

-10- 


GLOSSARY 


genome  -  the  collection  of  genes  on  the  DM. 

carbon  and  energy  for  fueling  the  metabolism  of  the  cell. 
4^»r-  '    a  molecule  that  promotes  the  synthesis  of  an  . azyme  or  set 

^is&ssi  seas  ^s^'-as. 

.  ar  tr  ziilk-    consists  of  tvo  sicpler 

^^r^^S^^.^ed  to6ether  *  cogent 


)  1 


bonds. 


ce*  n-f  cenes,  adjacent  to  one  anpther  on  the 
lactose  operon--  ^^^M  £y  lactose,  the  lactose  repressor, 

and  galactoside  acetylase. 

involved  in  -the  control  (prexoter  and  operator). 

Operon  Hypothesis  -  the  aodel  *  which  ^^^S^t 
regulation  of  lactose  metabolism;   postulate-  tne  ^  ey:st- 
.    s^Sural  genes  into  a  unit  (operon     and  postulates  the  «ost 
ence  and  functions  of  a  promoter,  operator,  repressor,  ana  ww. 
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permease  —  a  carrier  protein.    Promotes  movement  (permeation)  of  a 
molecule  across  a  membrane. 

promoter  —  the  region  of  DNA  that  initially  bints  to  RNA  polymerase. 
^     The  region  of  DNA  at  which  transcription  begins. 

repressor  — 'a  protein  that  binds  to  a  special  regio^r  of  DM  (an-  opera- 
tor) and  inhibits  the  transcription  of  nearby  structural  genes. 

ERA.  polymerase  —  the  enzyme  responsible  for  the  synthesis  of  RNA., 
using  DKA  as.^.  template  and  ribonucleotide  triphosphates  as 
substrates . 

transcribe  —  to  synthesize  RNA..    A  gene  is  "transcribed"  when  it  is 
used  as- a  template  for  ARNA  synthesis. 
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MOD  245    Developing  a  Teaching  Unit  -in  Science 
OBJECTIVES: 

At  the  completion  you  will  have  compiled  a  plan  to  teach  an  ESS  . 
unit  to  a  class  at  the  grade  level  of  your  choice.  '  * 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  ESS  Teacher's  Guides 

2.  The  McGraw-Hill  Evaluation  Program  for  ESS  in  Resource  Center 

3.  References  and  materials  in  the  SHE  Resource  Center 

PROCEDURES: 

1.  Identify  the  grade  level  of  your  choice. 

2.  Select  one  of  the' ESS  units  appropriate  for  the  grade  level 
you  have  chosen. 

3.  Write  objectives  for  une  unit. 

4.  Develop  a  plan  for , introducing  the  unit. 

5.  Select  appropriate  activities  for  accomplishing  your  objectives. 
(These  may  come  from  the  ESS  unit  or  some  other  source.) 

6.  Develop  an  evaluation  plan  for  evaluating  the  accomplishing  of 
the  objectives .  v 

7.  Identify  a  set  of  materials  needed  for  the  unit.  N 
;  8.     Estimate  the  amount  of  time  needed  to  complete  the  unit. 

Prepare,  in  good  form,  preferajbly  typed,  your  plan.    You  may 
use  the  following  format: 


Q 


Title 

Grade  Level 

Approximate  Time  Required 
Materials  and  Equipment  Needed 
References 
„         New  Vocabulary  (Optional) 
Objectives 

Introduction  ' 

Activities 

Evaluation 

FINAL  ASSESSMENT: 

t 

Present  to  the  instructor,  in  p;ood  form,  a  copy  of  your  plan.  Revise 
tne  p  ~n  until  both  agree  that  it  is  a  complete  plan  of  good  quality. 
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MOD  246    Self-Directed  MOD 


This  MOD  is  designed  to  allow  you  to  pursue  a  topic  of  your  own 
choice  in  order  to  enhance  your  competency  in  math,  science,  or  the 
teaching  of  math  and/or  science. 

OBJECTIVES: 

The  objectives  will  "be  determined  by  you, 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

References  needed  will  vary      The  staff  will  assist  in  identifying 
references  if  needed.  A 

PROCEDURES :  - 

Outline,   in  writing,  wha>  you  wish  to  accomplish  am*  a  plan  for 
assessing  the  outcome.    tGet  this  approved  by  a  member  of  the  staft 
before  you  undertake  the  MOD, 

FINAL  ASSESSMENT: 

The  final  assessment  plan  will  be  designed  bjKyou  and  approved 
bv  a  staff  Eienbcr  before  the  MOD  is  undertaken. 
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MOD  247    Rocks  and  Minerals 

Observing,  Classifying,  and  communicating 

PREREQUISITES:    MOD  106,  "Classifying,"  read  the  "Introduction"  in  ESS, 
Rocks  and  Charts,\TeacHer's  Guide  w 

OBJECTIVES: 

Giyen  18  different  samplesW  identified  rocks  and, minerals,  you  will 
choose  10  of  these  specimens  and  classify  them  by  writing  an  identificat 
key  similar  to  the  one  on  page  2  of  MOD  106. 

You  will  .be  able  to  give  a  positive  identification  to  at  least  eight  of 
the  rocks  you  have  studied  and  toe  classified.     (To  a  great  extent,  this 
can  be  done  by  using,  the  photos  in  the  books  by  Chesterman,  Sotrell, 
Zim,  Arem,  and  Pough.) 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

*  i;    ESS,  Rocks  and  Charts,  Teacher's  Guide 

2.  Heifer,  How  to  &now  the  Rockg  and  Minerals  •   

3.  "Rocks  for  ESS,  Rocks  3nd  Charts 

4.  Magnifier,  streak  plate,  iron-steel  nail,  copper ^sample^ 
balance  scale,  steel  knife,  container  for  water,  magnet,  vinegar 

5.  Rocks  and  Minerals,  Joel  Arem    ¥  • 

6.  Rocks  anfr  Minerals,  Zim/Shaffer 

7.  A  Field  Guide  to  Rocks  and  Minerals,  Pough 

a.  A  Fifrld  Guide  to  North  American  Rocks  and  Minerals,  Chesterman 

.y.  Minerals  of  the  World,  Sorrell 

FINAL  ASSESSMENT: 

Present  your  key  tc         instructor      Your  success  in  this  MOD  will 
depend  on  how  easilv  the  instructor  can  identify  a  rock  specimen  by 
using  your  classification  key.    Be  sure -to  take  the  rocks  you  have 
chosen  for  ici^nf J fication  wirh  you  to  the  evaluation  session. 


The  following  rock  samples  are  found  in  the  MOD  tray. 

Diotifce  Hematite  Obsidian 

Calcite  Halite      *  Quartz,  milky 

Feldspar,  pink  Limestone  Sandstone,  gray 

Galena  Magnetite  Talc 

v.r  phite  Fluorite  Pyrite 

Gvpsur  Granite  Siltstone. 
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PROCEDDKi::  • 

O 

i 

Of  the  18, different  samples  o£  rocks  and  minerals  in  the  MOD  tray,  classify 
1C  of  them.    Use  the  identification  key  found  in  the  MOD  tray.  . 

Because  a  particular  type  of  rock 
soy  have  many  different  colore  and  sires,  avoid  using  these  characteristics  in 
describing  the  whole  rock.    However,  the  color  of  a  streak  caused  by  rubbing 
the  rock  on  a  piece  of  unglased  porcelain  is  a  feature  that  may  be  used  to 
classify  a  rock.    See  the  references  for  further  explanation. 

Tour  Instructor  will  have  a  test  kit  containing  the  sane  types  of  rocks  and 
minerals  that  are  Included  in  the  MOD  tray.    Tour  success  in  this  MOD  will 
depend  on  how  easily  the  instructor  can  identify  a  rock  specimen  froa  the 
test  kit  by  using  your  classification  key* 

Jn  making  ybur  identification  key  do  not  get  bogged  down  by  the  specific 
characteristics  as  outlined  in  MOD  106,  but  use  those  relevant  to  these 
specimens. 
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HOD  248  Temperature  and  Solutions 
Cotmuni  eating,  predicting 

OBJECTIVES : 

1.  Given  a  solute  with  water  at  various  temperatures ,  you  will  observe, 
record,  and  graph  the  re'    lonshlp  between  temperature  of  a  solvent 
and  dissolving  time. 

2.  Given  the  data  obtained  1*.  connection  with  objective  1,  you  will 
predict  dissolving  time  for  intermediate  temperatures  and  then 

^  make  measurements  to  test  your  predictions. 
1,    You  will  dissolve  sodium  hydroxide  and  sodium   *  iosulfate  in  tuo 
separate  containers  of  water  and  observe  and  record  the  results 
ccref  lly. 

4.    You  will  carefully  formulate  at  least  two  questions  related  to  the 
phenomena  you  observed  in  this  MOD,  and  ycu  will  saek  out  the  answer 
to  at  least  one  of  these  questions. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

% 

1.  SAPA,   73,  Solutions,  p.  5  ancj  Worksheet,  "Temperature  and  Dissolving  Time1 

2.  SCIS,  Energy  Sources ,^gearherra  Guide,  Cnapter  18 

3.  General  chemistry  an^rj^ysical  science  texts 

4.  Hot  plate,  glass  containers,  test  tubes,  thermometer,  sugar,  salt, 
potassium  nitrate,  seltser  tablets,  solid  sodium  hydroxide,  sodium 
thlosulfate  crystals,  graph  paper 

FINAL  ASSESSMENT: 

Present  to  and  discuss  with  the  instructor  your  written  records 
corresponding  to  the  objectives  above. 
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PROCEDURE: 


1,    Read  SAP  A,     73  ,  "Tempeia.ure  and  Dissolving  Time,"  &  Activity  1,  p.  5.  Carry 
out  the  activities  described  there  including: 

a.    observing,  recording,  and  graphing  the  relationship  between  dissolving  *y 


time  and  temperature  of  the  solvent; 
b.    predicting  the  dissolving  time  for  intermediate  temperatures  and 

measuring  in  order  to  test  your  prediction. 
Record  your  results  In  the  space  below. 


NOTE:    To  accomplish  objectives  1  and-2-j—you  may  need  to  collect  data  for 
several  temperatures  in  addition  to  20* C  and  40* C. 


/ 
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In  a  test  tube  half  full  of  water  at  room  temperature 9  dissolve  two  pellets 
of  sodium  hydroxide  and  carefully  notice  the  temperature  change,    Do  the 
same  in  another  test  tube  with  a  level  teaspoon  of  sodium  thiosulfate 
crystals.    Record  your  observations: 


Formulate  at  least  two  questions  related  to  the  phenomena  you  observed  in 
this  MOD  and  find  an  answer  for  at  least  one  of  your  questions.    You  may 
wish  to  use  the  general  chemistry  and  physical  science  books  on  the  shelf 

in  the  Resource  Onter. 
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MOD  249    Flexibility  MOD 

This  MOD-slot  is  retained  to  allow  flexibility  in  the  program.    It  is 
provided  to  allow  the  staff  to  integrate  unique  occurrences  into  the 
program,  should  they  arise. 


\ 


» 


\ 
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MOD  250  I'se  of  '.  ater  by  Plants 
Maasurii g,  inferring 

OBJECTIVES: 

Using  the  potted  plants  provided,  you  will  determine  the  approximate 
amount  of  water  utilized  per  day  by  the  plants  for  the  process  of 
transpiration. 

By  manipulating  various  variables,  you  will  be  able  to  determine  the 
effects  of  these  variables  on  the  rates  of  transpiration. 
By  measuring  the  leaf  surface  area,  you  will  be  able  to  determine 
the  weight  of  water  lost  per  square  centimeter  of  leaf  surface  area 
per  24-hr.  day.    Assume  that  ti anspiration  occurs  from  the  bottom 
of  the  leaf  only. 

Formulate  plausible  inferences  to  explain  the  results  obtained  in 
activities  1  through  5. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  Two  potted  plants 

2.  Various  botany  and  general  biology  texts 

3.  Balances,  aluminum  foil,  plastic  bags,  lamp,  mercury  thermometer 

4.  SAPA  52,  Plants  Transpire 

FINAL  ASSESSMENT: 

See  objectives  above. 


1. 
2. 


\ 
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PROCEDURE: 
1*  Controls 

A.  Obtain  tiro  potted  plants  from  the  Instructor.    These  plants  are 
growing  In  the  same  kind  of  soil,  the  sane  kind  of  pot  and  are 
approximately  the  earns  else  and  age. 

B.  TJrap  each  pot  in  two  layers  of  aluminum  foil,  and  be  sure  there  are 
no  leaks  in  the  foil.   The  aluminum  foil  should  be  cut  so  that  it  will 
fold  over  the  top  of  the  pot  and  completely  cover  the  soil  with  the 
plsnt  stew  only  emerging  through  the  foil. 

C.  Weigh  each  plsnt  on  the  large  gram  balance.    Record  in  the  chart 
provided  the  combined  weight  of  each  pot  and  plant  to  the  nearest 
grew. 

D.  Give  each  plant  20  grew  of  water.    This  Is  done  by  pouring  enough  wtter 
on  the  soil  to  increase  the  weight  by  20  grass. 

E.  Set  the  plants  on  the  window  sill  of  the  Lab  for  24  hours.  Select 
a  spot  that  receives  sunlight  In  the  day tine. 

F.  Weigh  the  pots  and  plants  after  24  hours  and  record  the  weights. 

2.  Variables  of  light  and  darkness 

A.  Place  each  plant  on  the  balance  and  add  enough  water  to  wake  it 
weigh  as  much  as  It  did  In  activity  1(D)  above. 

B.  Place  the  plants  on  the  window  sill  for  24  hours.    One  of  the  plants 
will  be  covered  with  a  paper  box  so  that  It  will  not  receive  any 
light. 

C.  After  24  hours  weigh  the  pots  end  plants  and  record  the  weights. 

3.  Plastic  bag  treatment 

A.  Place  each  plant  on  the  balance  and  again  add  enough  water  to  bring 
it  up  to  the  weight  recorded  in  activity  1(D)  above. 

B.  Place  one  plifat  In  a  large  clear  plastic  bag.    The  bag  should  be 
supported  with  sticks  so  that  it  does  not  rest  on  the  plant.    The  bag 
should  be  just  large  enough  to  nicely  cover  the  pot  and  plant  but  not 
much  bigger.    The  other  plant  will  serve  as  a  control  and  should  be 
set  alongside  the  plant  covered  with  a  bag. 

C.  After  24  hours  weigh  the  plants.    Weigh  the  plastic-covered  plant 
with  the  bag  in  place  and  after  you  remove  the  bag. 

4.  Bright  light  and  heat  treatment 

A.    Weigh  the  plants  and  again  add  water  to  bring  then  up  to  the  weighta 
recorded  in  activity  1(D)  above. 

B»    Place  the  plants  on  a  laboratory  deak  in  the  Lab.  Obtain  a  desk  lamp  and 
place  It  between  the  two  plants.    Turn  the  reflector  so  that  it  shines 
on  one  plant  only,  and  keep  the  plant  about  1  foot  from  the  light  bulb. 
/Jttr  the  lamp  has  been  on  for  about  15  minutes,  measure  the  temperature 
in  the  center  of  the  plant  area.    This  is  done  by  placing  the  bulb  of 
the  mercury  thermometer  in  the  center  of  the  leaf  area. 

C.    Keep  the  plants  In  this  position  for  24  hours.    Welsh  the  pots  and 
plants  and  record  the  weights. 
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5.    Measurement  of  leaf  surface  area 


A.    Draw  accurately  a  square  10  centimeters  on  a  side  on  a  piece  of 
ordinary  writing  paper.    Cut  out  the  square. 

B7"  For. each  plant 9  outline  all  Its  leaves  on  the  same  kind  of  paper. 
This  cart  be  dona  so  that  you  closely  approximate  the  sizes  and 
shapes.    Cut  out  the  drawn  leaves  of  each  plant.    Place  the  "paper 
leaves"  In  an  envelope  and  bring  them  to  the  eval'sation.  How 
can  you  use  these  materials  to  attain  objective  3? 


\ 

Activity 

Plant  A  (Untreated) 

Plant  B  (Hodlf led) 

Height  of  Pot  and  Plant 

Weight  of  Pot  and  Plant 

Initial  Weight 
with  20  gm. 
water  added 

Weight  after 
24  hours 

Initial  Weight 
with  20  ga. 
water  added 

Weight  after 
24  hours 

1 

2 

3 

4 

i  
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MO!)  2r>\    -Analysis  of  Straight  Lines 

This  MO")  is  concerned  with  the  basic  concept-*  of   innlvsis  of  tin*  str.ihlu 
I  ire . 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  Observe  occurrences  and  uses  of  straight  lines  in  the  real  world. 

2.  Analyze  lines. 

3.  Apply  the  analysis  to  real -world  porbleras. 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Analysis  of  Shapes  OBTAIN  ALL  THESE 

2.  MMP  slide/ tape,  "Analysis  of  Shapes"  MATERIALS  IN  THE 

3.  Current  elementary  school  mathematics  textbook  series   RESOURCE  CENTER 

4.  Straightedge,  compass,  graph  paper,  globe  BUT  FOR  THE  GRAPH 

PAPER 

PROCEDURE: 


1.  View  the  MMP  slide/tape,  "Analysis  of  Shapes*." 

2.  In"  MMP,  Analysis  of  Shapes,  do 
Activities  1:     Items  1,  3,  5,  nnd  7 

?:     Items  1,  2,  3,  4,  and  5 

3:     Items  1,  2,  3,  4,  5,  and  6 

4:     Items  1,  2,  3,  4,  and  5 

5:     Items  1,  2,  3,  4,  5,  6,  and  7 

6:     Items  1,  2,  3,  and  J>^ 

3.  Prepare  a  construction  activity  for  elementary  students  from 
what  you  have  learned  in  this  MOD. 


FINAL  ASSESSMENT: 


1.  Bring  all  your  work  sheets  and  the  activity  to  the  evaluation. 

2.  Be  able  to  answer  questions  that  were  proposed  in  various 
activities. 

3.  Be  ^ble  to  perform  constructions  similar  to  ones  done  on  work 
sheets. 
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MOD  252    The  Sun  .is  ;i  Celestial  Object 
A  Self  Instructional  MOD 

OBJECTIVES: 

\ 

At  the  conclusion  of  this  MOD  you  wil1  be  able  to: 

1.  Explain  general  characteristics  o^  the  sun,  such  as  size, 
mass,  and  temperature. 

2.  Discuss  the  energy  source  of  the  sun. 

3.  Discuss  and  explain  how  the  sun  ia  the  major  source  of 
gravitation  in  the  solar  system;  how  it  rotates;  and  the 
cycle  of  sunspot  activity. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS : 

1.  Our  Planet  in  Space  by  Navarra  and  Strahler,  all  of  Chapter  3, 
second  section  of  the.book,  starting  on  p.  43 

2.  Astronomy  One  ~by  Hynek  and  Appel,  Chapter  14 

3.  Exploration  of  the  Universe  by  Abell,  Chapter  17 

4.  A  Star  Called  the  Sun  by  Gamaw,  Chapter  I 

5.  The  film,  Our  Mr.  Sun 

6.  The  slide-set  on  the  sun,  slides  I  through  20  *f 
PROCEDURES: 

Read  pages  2  and  3  of  this  MOD,  / 

Chapter  I  of  A  Star  Called  the  Siin, 

Chapter  14  of  Astronomy  One, 

Chapter  17  of  Exploration  of  the  Universe, 

Chapter  3  (Section  2)  of  Our  Planet  in  Space. 
There  will  be  some  repetition  in  these  readings,  but  they,  altogether, 
will  give  you  a  good  introduction  to  the  sun  as  a  celestial  object. 

View  the  sun  slides,  1-20. 
View  the  film,  Our  Mr.  Sun. 

Concentrate  on  the  questions  which  you  have  been  asked  to  formulate 
answers  for. 

Answer  the  self-help  questions. 
FINAL  ASSESSMENT: 

Arrange  an  evaluation  with  the  instructor  and  be  prepared  to  discuss 
any  points  covered  in  the  objectives. 
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The  sun  was  very  likely  the  first  celestial  object  you  saw*  At 
that  tijpe,  you  probably  did  not  think  much  about  it.    Later,  you  Rrew 


to  appreciate  it  on  winter  days,  and  to  avoid  too  much  of  it  during 
summer.    The  sun  is  a  star;  very  similar  to  most  of  the  other  stars 
we  so  often  see,  only  much  closer  to  us.    Consequently,  we  know  more 
about  it  than  the  other  stars.    There  are  three  major  reasons  for 
studying  the  sun  as  a  celestial  body.     1)    It  is  the  major,  and  almost 
only,  energy  source  in  the  solar  system.    2)    Its  mass  gravitationally 
controls  the  movements  and  positions  of  all  the  other  objects  in  the 
solar  syster.    3)    It  is  a  star,  and  as  such,  supplies  us  with  a  very 
close  specimen  to  study,  and  thus  l<iarn  a  great  deal  about  stars  in 
general.  „ 

We  have  learned  the  mass,  temperature,  size,  composition,  age, 
energy  source  and  output,  evolutionary  stage,  and  future  destiny  of  the 
sun.    A  more  elaborate  discussion  of  any  or  all  these  will  be  found  in 


the  readings  suggested,  or  can  be  had  by  discussion  with  Professor  Burnlc 

The  sun  is  composed  of  more  than  75%  hydrogen  and  more  than  20% 
helium.    The  remaining  3  or  4%  is  made  up  of  some  65  or  so  of  the  heavier 
elements.    Altogether,  it  has  yielded  some  secrets  about  itself  and  the 
stars  in  general,  but  it  h*s  given  us  about  as  many  new  questions  as 
answers  to  old  ones.    Why  does  it  rotate  differentially?    What  are  the 
sunspots  and  why  do  they  occur?    How  could  there  have  formed  at  least 
four  fairly  massive  globules  of  high  density  materials  to  be  expelled 
from  the  solar  interior,  i.e.  the  Terrestrial  Planets? 
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Yol  lowing  arc  some  <|ucKtlon.s  that  you  should  try  :<>  lorimil.iu*  ihv 
answers  to. 

1.  Why  does  the  sun  not  fall  inwards  upon  itself,  I.e.  collapse, 
or  not  explode? 

2.  As  the  energy  it  is  giving  off  is  the  result  of  chain  reactions  of 
hydrogen  fusion,  why  does  it  not  suddenly  fuse  in  one  big  blast? 

3*    What  are  the  sunspots?    i.e.  are  they  sources  of  energy  release  via 
convection,  etc . ? 

A  list  of  self-help  questions  follows.  Answers  can  be  found  in  the  film 
and-  f rptn  the  readings. 

1.  What  is  the  diameter  of  the  sun? 

2.  How  far  away  is  the  sun?    Average,  Aphelian,  Perihelian? 

3.  What  is  the  approximate  age  of  the  sun? 

) 

4.  What ti8  the  period  of  rotation  for  different  parts  of  the  sun? 

5.  Name  the  layers  of  the  solar  atmosphere. 

6.  What  is  the  sun  mostly  composed  of? 
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Define  flares,  prominences,  and  spicules. 


8.    What  is  the  energy  source  of  the  sun? 


9.    What  type  of  thermonuclear  activity  is  going  on  in  the  sun? 


10. 


What  is  thW«fTproximate  mass  of  the  sun,  in  earth  masses? 


d 


11.  What  are  the  approximate  surface  and  interior  temperatures  of  the  sun? 

12.  What  do  Wein's  Law  and  the  Stefan-Boltzman  Law  tell  us  about  the  sun? 


\ 
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MOD  2ry]    An  Inquiry  Lesson  Proa  ESS:    3one»    (Group  Activity) 
OBJECTIVES:  % 

1.  Assembled  in  small  groups  of  four  and  without  the  aid  of 

any  references,  you  will  estimate  the  number  of  bones  you  have  in 
your  left  arm  (shoulder  to  fingers). 

2.  Given  a  disarticulated  cat  skeleton,  your  group  will  classify  the 
bones  according  to  what  you  believe  should  be  in  the  following 
categories:    head,  arms  and  fingers,  legs  and  toes,  backbone  and 


rib  cage,  hips,  end  shoulders.  / 

3.  Using  your  own  bodies  as  a  reference,  *">ur  group  will  assemble  the 
disarticulated  bones  Into  a  cat  skeleton.  / 

4.  After  assembling  the  cat  skeleton,  your  group  will  compare  it;s 
assembled  skeleton  with  an  articulated  cat  skeleton  and  ^ill  make 
the  necessary  corrections. 

5.  Given  a  mystery  borne,  your  group  will  try  to  identify  the  mystery 
bone  by  referring  to  the  c«t  skeleton. 

6.  Given  the  experiences  described  in  objectives  1  through  5 

you  will  be  able  to  discuss  the  ways  in  which  this  MOD  exemplifies 
the  philosophy  and  approach  of  ESS. 

INSTRUCTIONAL  REFERENCES  ft  MATERIALS: 

1.  ESS,  Bones,  Teacher's  Guide  K  * 

2.  ESS,  How  to  Make  a  Chicken  Skeleton 

3.  Disarticulated  cat  skeletou  in  Resource  Center 

4.  Articulated  cat  skeleton  in  Resource  Center 

5.  Yourself 

6.  Mystery  bones 

FINAL  ASSESSMENT: 

See  objectives  above.    Activities  corresponding  to  objectives  1  thrc  gh 
S  will  be  aeeeeeed  during  a  large -group  activity  in  the  laboratory. 
Objective  6  will  be  evaluated  individually  during  a  scheduled  period 
with  tk«  instructor. 
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MOD  254  Analysis  of  Triangles  1 

This  MOD  is  concerned  with  the  basic  concepts  of  analysis  of  the  triangle. 
OBJECTIVES: 

At  the  conclusion  of  this  MOD -you  will  be  able  to: 

1.  Observe  occurrences  and,  uses  of  triangles  in  the  real  world. 

2.  Analyze  triangj.es. 

3.  Apply  the  analysis  to  real  world  problems. 

*  /• 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  .  " 

1.  MMP,  Analysis  of  Shapes 

2.  Current  elementary  school  mathematics  textboolc  series 

3.  Paper,  ruler,  scissors,  construction  paper , 4  brads ,  compass, 
graph  paper,  metric  ruler,  and  protractor 

PROCEDURE:  ,  • 

1.    In  MMP,  Analysis  of  Shapes,  do 


7: 

Items 

la 

,  c,  d;  2:  3a,,  b,  c;  4 

8: 

Items 

1. 

2,  3,  and  4 

9: 

Items 

i; 

2,  3.  and  '6 

10: 

Items 

1, 

2,  3,  4,  and  5 

15: 

Items 

I, 

3,  4,,'  and  6  t 

2.    Prepare  a  game  or  an  activity  for  use  in  teaching  the  concepts 
learned  in  1  to  elementary  school  students. 

FINAL  ASSESSMENT: 

1.  Bring  all  your  work  sheets  ami  the  game  or  activity  to  the 
evaluation. 

2.  Take" a  written  test  in  conjunction  with  the  oral  evaluation. 


\ 
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MOD  2S5  Oceanography 

Observing,  Inferring,  Ana!  y/.in;; 

OBJECTIVES: 

After  completing  the  suggested  viewings,  readings,  ar  I  experiment* 
you  will: 

1.  Be  able  to  plot  the  major  currents  and  "streams11  that  circulate 
within  the  oceans  of  the  earth. 

2.  Explain  "continental  shelf"  and  "continental  slope." 

3.  Predict  how  the  oceans  might  help  bail  us  out  of  the  energy  bind, 
with  regards  to  both  energy  sources  and  minerals, 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 


1-  Oceanography— A  Study  of  Tgner  Space,  W.  Yasso 

2-  Biology—Patterns  in  Living  Things,  Morholt  and  Brandwein 
3»  Investigating  Earth,  ESCP 

4.  Our  Planet  in  Space,  Navarra  and  Strahler  4 

5.  The  film,  The  Boundless  Seas 

6.  Introduction  tor  Physical  Oceanography,  W.  S.  Von  Arx 
PROCEDURES : 

1-     Read  the  following:  "\ 
-  A.    Oceanography  by  Yasso,  Chapter'  Three 
B*>   Biology  .by  Morholt  and  Brandwein,  Chapter  Five 

C-     Investigating  FJfrth  by  ESCP,  Chapter  Ten  V  ' 

D.     Our  Planet  in  Space  by  Navarra  ^nd  Strahler,  Chapter  TVenty-ttuee, 
"Rifting  of  Ocean  Basins  aVd  Continents*,"  pp.  '489-1  j6,  in  t'e 
.   ,       second  part  of  the  book.     Perform  the  experiment  on  p.  498. 
2.     View  the  film,  The  Boundless  Seas.     Some  of  the  questions  are  has'  i  on 
the  film.  .  If  you  can  not  answer  some  of  them,  you  may  want  to  vi  w 
the  film  a  second  time, 
,  ?.     Answer  the  list  of  questions  at  the  end  of  the  MOD. 
4.    Make  up  a  chart  or  map,  showing  the  following  major  currents  and 

underwater  mountain  ranges* on  a  sketched  world  map.    You  need  to  show 
only  the  outline  of  the  continents.     This  can  be  done  on  an  8  x  11 
sheet  of  paper  or  larger  If  you  desire.    Most  of  these  can  be  found 
in  Oceanography  by  Yasso  and  in  Introduction  to  Oceanography  by 
Von  Arx,  pp.   1 74-7 S- 

ft 

Gulf  Stream  Kurashio  Current,  North 

North  Atlantic  Current  (or  Drift)  Pacific,  and  California 

>     Brazil  Current       -  Currents 

South  Equatorial  Current  (Atlantic)  Eas*  &  West  Australian  Currents 

South  Equatorial  Current  Ondi-m)  North'&  South  Equatorial  Currents 

(Pacific) 

The  major  mountain  ranges  in  the  The  Sargasso  Sea- 

Atlantic  and  Pacific  Oceans 
(one  in  each) 


f 
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OU -STIONS: 

1.  Wh«?t  ipproximate  percent  of  the  sutface  of  the  earth  is  covered 
with  water? 

2.  Why  do  we  say  water  is  unique  to  this  planet? 

3.  What  else  seems  to  be  unique  to  earth? 

4.  What  is  the  ocean  floor  like? 

5.  Where  is  the  greatest  mountain  range  in  the  ocean? 

6.  What  is  a  rift? 

7.  Where  has  an  island  been  formed  in  recent  times?    By  what  means? 

8.  What  is  a  plate? 

9.  What  is  a  coral  reef?    Where  are  many  of  them  found? 

10.  What  is  the  Gulf  Stream?    Why  does  Iceland  enjoy  a  moderate  climate? 

11.  Name  three  other  currents  of  some  degree  of  prominence. 

12.  Does  water  move  with  wave  motion? 

13.  Describe  (water)  wave  motion. 

14.  What  is  a  hurricane? 

15.  What  is  a  tsunami?     What  causes  one? 

16.  What  causes  the  tides? 

17.  What  are  some  of  the  materials  we  get  from  the  sea. 

18.  Comment  on  the  statement,  "All  life  is  dependent  on  the  sea." 

19.  What  is  the  Continental  Shell?  Slope? 

20.  What  is  kelp? 

21.  Define  phyto  plankton. 

22.  Why  does  so  much  of  the  life  in  the  sea  exist  in  the  area  that  is 
penetrated  b>  light? 

23.  What  is  a  migration?  Example? 

24.  Name-  two  sea  mammals. 

25.  ^    Approximately  how  deep  is  the  deepest  part  of  ?he  ocean  floor? 

26.  Where  is%this  located?    What   is  this  called? 

27.  What  are  nodules? 

28.  What  is  presently  being  mine**!  from  the  ocean  floor? 

FINAL  ASSESSMENT: 

Bring  your  chart  with  you  to- the  evaluation  session  and  be  prepared  to 

arswer  any  of  the  above  questions. 

t 
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MOD  -56  (»>servii  g  Mold  Gardens 

Control  tog  variables,  experimenting 

OBJEt^lVES: 

1     vou  will  be  able  to  select  at  least  six  kinds  of  media,  that  is, 
.ubstan=es,fro«  your  everyday  environment  that  will  support  the 
growth  of  at  least  six  different  kinds  of  molds. 
2.    You  will  be  sble  to  nose  at  least  three  media  you  have  tested 
that  do  not  allow  molds  to  grow  on  them.    You  will  be  able  *• 
discuss  with  the  instructor  your  evidence  for  believing   hat  these 
substances  do  not  support  the  growth  of  molds 
3     After  growing   4    different  kinds  of7 molds,  you  will  be  able  to 
mom  aflealt  two  charar  eristics  of  each  mold  that  distinguish 
that  mold  from  another. 
4.    After  properly  planning  your  experimentation,  you  will  be  able 
to  name  atleaat  three  environmental  conditions  necessary  for 
the  growth  of  molds,  and  you  will  show  the  experimental  evidence 
that  supports  your  statements.  ,  .  . 

3     You  wiU  be  able  to  nam  the  variables  held  constant,  the  mrnipul^ted 
va"iable(s).  and  the  responding  variable(s)  in  your  experimentation 
on  growing  molds. 

INSTRUCTIONAL  REFERENCES  a  MATERIALS: 

1 .  SAPA   2 3 ,  Molds  and  Crw i 1  Pi  am  s 

2.  ESS  riimloops:    Rhizopus  and  Pcnicilliuir. 

3.  ESS.  Hlcro-Card en  i     ,  Teacher's  Guide 

4.  Media:    substances  of  the  students'  choice  on  which  mold  may 

5     M^ld^owing  dishes  (with  cap*,  if  desired),  magnifiers,  compound 
and  discing  microbes,  slides,  cover  slips,  medicine  droppers 

FINAL  ASSESSMENT: 

See  objectives  above.    Bring  all  experimental  materials  an<?  data  to 
your  instructs.    The  evaluation  should  be  scheduled  as  soon  as 
possible  after  you  complete  the  activities. 
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PROCECTE: 

S«o<r  il  Inf  5i«ati<  n: 


Holds  are  8aproph)tic  organisms,  that  is,  organisms  that  require  organic 
materials  as  s  food  source.    They  are  not  able  to  make  their  own  organic 
mater iele  from  carbon  dioxide,  water,  and  the  sun's  energy  as  the  plants  do. 
From  the  above  criterion  it  is  evident  that  -*>lds  must  grow  on  other  living 
substances,  substances  produced  by  living  organisms,  or  on  organisms  that  hove 
died.    Holds  sre  Important  organisms  that  function  in  the  cyclic  decomposition 
processes  seen  everywhere  in  nature. 

Mold,  can  be  characterised  a*  aingle-celled  organisma  that  have  reached  a 
high  degree  of  colonisation,  that  is,  they  form  cluatera  of  cells  living 
together.    Many  molds  live  as  individual  cells;  this  is  seen  in  some  yeaats. 
Other  molds  grow  as  atrings  of  cells  attached  end  to  end.    In  this  case,  we 
say  that  molds  grow  in  mycelial  form  with  each  etrand  of  cells  being  a 
rvfwllum.    Most  of  the  molds  thst  you  will  see  in  this  experiment  will  be 
of  the  mycelial  type.    The  colors,  textures,  shapes,  and  eizes  of  the  clusters 
of  ay cells,  called  colonies,  are  ueed  in  Identifying  the  nolde- 

Of  en  the  mycelia  of  moi»  are  colorless  and  are  hard  to  see.    Very  often, 
w!  «n  we  eat  bread  we  alao  eat  mold  mycelia  that  are  growing  within  the  bread 
matrix.    It  is  not  until  the  mold  takes  on  s  color  that  we  can  see  it  and 
realise  thac  the  bread  has  a  mold  on  it.    The  colo;  change  ia  uaually 
related  to  the  reproductive  process  of  the  molds. 

Where  do  molds  come^rom,  or  aow  does  something  become  contaminated  with  molda? 
All  o'  nature  is  contaminated  with  mold  spores.    These  can  be  defined  as 
dormant  aing)*-celled  stegea  that  will  grow  and  divide  into  mycelial  strands 
if  they"  are  pieced  in  an  appropriate  environment.    The  proper  environment 
may  require  moisture,  a  correct  temperature,  light  or  darkness,  proper  food 
nutrients,  etc.    A  mold  spore  may  fall  upon  a  food  source  of  organic 
but  it  will  not  grow  because  the  food  source  does  not  contsin  sll  'he  required 
nutrients  for  that  particular  kind  of  mold.    Another  kind  of  mold  spore  may 
land  on  the  same  food  source  and  grow  because  all  the  requirements  are 
available  for  that  mold.    However,  It  is  not  only  the  available  nutrients 
that  can  determine"  whether  or  not  a  mold  can  grow  on  a  particular  substance. 
Bread  mold,  for  example,  will  not  grow  on  an  orange  because  the  orange  is  too 
acidic  for  the  br*ad  mold. 

Usually,  mold  spores  are  so  small  that  they  can  eaaily  become  air-borne,  and 
it  ia  in  this  manner  that  most  things  get  contaminated  with  spores.  Opening 
a  loaf  of  bread  and  removing  a  alice  will  usually  reault  in  an  in-rush  of  air 
to  replace  the  bread  alice.    The  loaf  is  then  very  probably  contaminated  with 
mold. 

If  mold  mycelial  growth  begins  with  a  spore,  then  the  mycelia  must 
"oouce  Sore.  border  to  propagate  the  species.    This  is  s  ^accomplished 
oecauss  there  are  many  diviaions  of  the  nucleus  in  a  cell  of  the  mycelium. 
£cTnew  nucleus  that  is  formed  is  surrounded  by  a  small  amount  of  cytoplasm 
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and  Is  called  a  ipore.    When  such  a  dividing  cell  Is  full  of  spores  It 
mp tares  tx*  the  spores  are  free  to  be  air-borne  and  disseminated.  A 
mycelial  cell  la  ten  with  spores  is  often  colored.   Many  such  cells  in  the 
eoleny  can  then  affect  an  overall  change  in  the  color  characteristic  of  the 
mold*    For  example,  when  bread  Mid  appears  green,  the  mold  is  in  the  process 
of  spore  formation. 

Activities: 

1.  After  reading  background  materials,  you  should  select  a  variety  of  media 
that  you  suspect  will  or  will  not  support  mold  growth.    References  that  will 
help  you  are:    this  MOD,  pp.  2-3,  SAPA  28,  Molds  and  Green  Plants,  ESS  Film- 
loops,  Rhizopuj    &  Penictllium  end  parts  of  ESS,  Micro-Cardenin*.  Teacher's 
Guide. 

2.  Plan  your  experiments  so  tiat  you  can  control  and  determine  the  variables 
involved.    For  example,  some  questions  you  may  want  to  raise  are:    Do  molds 
grow  with  or  without  water?    Do  voids  need  light?    Do  they  grow  better  in  the 
dark?    Do  they  need  air?    Will  they  grow  in  the  cold?    How  muin  heat  can  they 
stand?  Etc. 

Use  the  mold  cups  provided  in  the  MJD  tray.  Covers  are  available  if  you 
wish  to  use  them. 


4.  Observe  your  media  for  a  period  of  at  least  ten  days  and  take  ncf es 
each  day. 


( 


5.  Some  hints: 

a.  You  may  want  to  allow  for  only  air  contamination  of  your  Wdla. 

b.  You  may  want  to  contaminate  your  media  with  other  things,  tor  example, 
pondwater,  soil,  dust  from  the  room,  etc.  / 

c.  You  may  want  to  take  some  mold  from  one  medium  end  see  if  it  will 
grow  on  another  medlim. 

6.  Sometime  during  the  experiment,  you  should  take  some  mold  mycella  and 
place  It  on  a  slide  in  &  drop  of  water.    Observe  it  under  the  compound 
microscope.    Can  you  see  the  spores? 

7.  All  mold  colonies  should  be  viewed  with  the  stereomlcroscope. 
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This  MOL  is  concerned  with  the  analysis  of  triangles  by  angles  and 
relationships  <)f  angles  and  sides. 

OBJECTIVES:  ^ 
At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  Determine  which  combination  of  angles  can  be  angles  of  triangles, 

2.  Analyze  relationships  between  sides  and  angles  of  triangles. 

3.  Explain  the  properties  of  similarities  of  triangles. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1 .  MMP,  Analysis  of  Shapes 

2.  Current  elementary  textbook  series 

3.  Paper,  scissors,  ruler,  protractor,  metric  ruler,  graph  paper, 
tracing  paper,  compass. 

PROCKDURE: 

K     In  MMP,  Analysis  of  Shapes,  do 


ActiviHes  11: 

Items 

1, 

9 

*-  9 

5,  6, 

and 

7c 

12: 

Items 

i 

*  9 

') 

i,  and  4 

13: 

Items 

I, 

?, 

»,  5, 

and 

7 

ll    Prepare  a  game  or  an  activity  to  he  used  in  connection  with 
teaching  a  concept  learned  in  this  MOD. 

FINAL  ASSESSMENT: 

1.  Bring  all  work  sheets  and  your  game  to  the  evaluation. 

2.  Be  prepared  to  take  a  wfitteu  test  on  concepts  in  this  MOD. 
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M03  258    The  L  ws  of  the  Universe 
PREREQUISITE:    MOD  153  Newton's  Laws  «0\ 
OBJECTIVES:  \ 

^At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  Demonstrate  graphically  Kepler's  finst  and  second  laws. 

2.  Solve  ^simple  algebraic  problems  using  some  of  the  laws  covered. 

3.  Demonstrate  physically  Newtait*ss->sepond  law. 

4.  Explain  any  of  the  other  laws  discussed  in  the  MOD, 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Modern  Physics  by  bull,  Metcnlf,  and  Williams 

2.  Principles  of  Physics  by  K»  erhe 

3.  Exploration  of  the  Universe  l>y  G.  Abell 

4.  Astronomy  One  by  Hynek  and  Apfel 
5. ,  Astronomy  by  Bash 

6-    The  Science  of  Astronomy 

7.    Our  Planet  in  Space  by  Navarra  and  Strahler  (second  part) 

5.  Two  thumb  tacks,  length  of  string  at  least  two  feet  long,  graph 
paper,  sheet  of  plywood  (about  10  in.  x  12  in.) 

EXPLANATION: 

You  have  already  noted,  by  readings  and  by  some  direct  demonstrations, 
how  forces  acting  against  objects  can  and  usually  do  cause  motion,  or,  at 
least,  a  change  of  state  to  occur  in  the  objects  acted  upon.    This  idea  will 
be  further  explored  in  this  MOD,  alonfc  with  some  ideas  regarding  light  (and 
other  electro-magnetic  radiation)  and  electric  and  magnetic  fields.    Newton1 s 
Laws  of  general  motion  will  be  further  examined,  as  we  move  into  the  area  of 
gravitational  forces;  Kepler's  Laws  will  be  considered,  as  we  look  at  some 
of  the  results  of  the  sun  exerting  gravitational  forces  on  the  planets.  The 
inverse  square  law  of  illumination  wi.U  tell  us  how  light  (and  other  tvpes 
of  radiation)  decrease  with  the  square  of  the  distance  from  the  source.  In 
a  similar  manner,  Coulomb's  Law  will  tell  us  how  the  force^cf  attraction  or 
repulsion,  i.e.  the  electric  field  around  a  charged  particle  decreases  with 
the  aquare  of  the  distance  from  the  particle.     Boyle's  Law  will  explain  how 
gases  behave  with  respect  to  pressure  and  volume, 

PROCEDURES: 

1.  Read  in  Modern  Physics  by  Dull,  Metcalf,  and  Williams  pp.  81-89  on 
Newton's  Laws  of  Motion,     Be  able  to  cite  two  examples  jf  everyday 
phenomena  that  demonstrate  each  of  these  three  laws.    Read  and  con- 
centrate on  questions  1,  2,  and  3  on  p.  89.    Work  problems  1,  2,  and 
3  on  p.  90. 

2.  Rec  1  Ln  Astronomy  by  Bash  pp.  115-116  on  ellipses.    With  a  string 
and  two  tacks,  make  three  or  four  ellipses  of  different  sizes  and 
eccentricities.     Now,  as  you  read  Kepler's  three  laws  of  planetary 
motion  (in  the  Science  of  Astronomy,  pp.  80-81;  G.  Abell fs  The 


5f?7 


MOD  258 


Kxplor.it ion  of  tjhie  JfniversiN  .m  .    ^6-41 ;  Hvnek  and  ApfVi's 
AstrVnornxOnerpP.  221-224:  .mJ  Nav.irra  and  Strah  er's  Cur 
Planet  'in  "Space,  second  part,  pp.  89-94)  you  will  note  that 
they  Vompletely  govern  the  movements  of  not  only    he  pl«™^s» 
but  all  celestial  obiects  that  might  be  (or  come)  within  the 
gravitational  field  of  another  object. 

3.  Read  Chapter  8  in  the  Tte  Ph^sicj^Srienc^s  by  Winter. 
Then,  in  Modern  Physics  by  "bull,  Metcalf,  and  Williams  read 
the  *eF"c  "Universal  Gravitation"  on  pp.  91-92.  Especially 
pay  attention  to  the  statement  and  equation  of  the  Universal 
Law  of  Gravitation.    Note  that  G  is  a  constant  of  gravitation 
in  the  equation.    We  usually  use  the  MKS  system  for  problems 
of  this  nature,  and  here  G  is  equal  to  6.67  x  lO^ron  /kg  . 
Go  back  once  again  and  define  the  newton,  the  meter,  and  the 

____  kilogram,  if  you  need  to. 

"  Also  read  in  Principles  of  Physics  by  Bueche,  topic  5.1, 
Newton's  Law  of  Gravitation  on  pp.  73-75. 

4.  Read  in  Principles  of  Physics  by  Bueche,  the  Inverse  Square 
Law  of  Radiation,  pp.  475- '476.    Read  Hynek  and  Apfel's 
Astronomy  One,  pp.  40-42  on  the  Cnverse  Square  Law,  and  read 
pp.   131-132  in  The  Exploration  of  the  Universe  by  G.  Abell. 

5.  Read  in  Modern  Physics  by  Dull  ct  al ,  "The  Force  between  Charges," 
on  pp.  389-390,  and  the  sampln  problem  on  p.  391.    Also  read  in 
Principles  of  Physics  by  Bueche,  Coulomb's  Law  on  p.  294  and  the 
sample  problems  on  p.  295.  * 

6.  Read  in  Modern  Physics  by  Dull,  Metcalf,  and  Williams  pp.  200-207, 
especially  concentrating  on  Boyle1 ~  Law. 

SAMPLE  PROBLEMS  RELATING  TO  SOME  OF  THE  LAWS  YOU  HAVE  STUDIED 
WORK  THEM. 

1.    Relating  to  Kepler's  third  La*  (the  harmonic  law)  determine  the 
sidereal  period  of  a  planet  that  is  located  6.5  a.u.  from  the  su  . 


2      Relating  to  Newton's  second  law,  what  force  is  required  to  accelerate 
an  object  having  a  mass  of  3  kg  at  Wsecz?    What  is  the  mass  of  an  ^ 
object  which  is  accelerated  10  ft/sec    by  a  force  of  25  lb.? 


Relating  to  -he  Universal  LavXf  Gravitation  find  the  force  of 
attraction  between  two  objects Vf  one  has  a  ma|s  of  125  kg  and 
the  other  a  mass  q£  75  kg  and  trtiey  are  located  3  n  apart. 
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Wh.it  \<*  th<>  force  of  attraction  lu»tw<H»n  a  man  of   )0  kg  s  nd  a 
woman  of  f>0  kg  if  they  are  \.  m  ,i|Mrt?  •   -   -  There  must  \v  som  ■ 
thing  ^thor  than  gravity. 


Relating  to  the  inverse  square  law  of  illumination  if  object  A 
is  6  feet  from  a  light  source,  and  object  B  is  13  feet  from  the 
same  source,  how  much  more  light  does  object  A  get,  per' unit  area* 
har.  object  B?  ' 


Jupiter,  is  about  5  times  as  far  from  the  s\m^s  earth  is.  How 
much  more  light  does  earth  get,  per  unit  area,  than  Jupiter? 
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MC  )s  25S-261      eaching  Science  ^ 

Thise  MiDs  are  designed  to  allow  yon  uhe  opportunity  to  Identify, 
wi  ;h  the  class  oom  teacher,  needs  of  t;he  children  of  a  »  »assroom 
at  the  erade  1  vel  of  your  choice  md  to  plan  and  teach  *  small  unit 
or  series  of  a  tivities  to  meet  tk>se  rueeds. 

OBJECTIVES: 

At  the  conclusion  of  these  MObs  you  should  be  able  to,  when 
j'.iven  an  area  in  science,  plan,  teach,  and  evaluate  a  unit 
to  a  p.roup  of  cl omenta rv  chiMren  with  greater  confidence  and 
competence . 

INSTRUCTIONAL  REFERENCES  AND  MATERIAL:;: 

References  and  resources  in  the  SME  Resource  Center 

PROCEDURES: 

t 

1.  During  the  first  two  Weeks  of  the  semester  report  to  Mrs. 
Yoo  your  grade  level  preference, 

2.  After  arrangements'  have  been  made  with  an  area  teacher, 
meet  with  the  teacher  to  identify  your  teaching  area  and 
to  establish  a  schedule.     Your  teaching  should  involve 
at  least  three  periods. 

Prepare  a  plan  for  your  teaching,  including  at  least  the 
following  components,  nml  review  it  with  an  ISMEP  staff 
member . 

Title 

tirade  level 

Objectives  (written  in  behavioral  terms) 
Material  s 
Procedures 
Evaluation  Plan 

4.    Make  three  copies  of  the  plan — one  for  the  teach jr, -one  for 
the  ISMEP  file,  am    one  for  \ourself . 

3.  Complete  the  teaching,  and  sign  up  for  a  review  of  the 
experience  with  the  ISMEP  stfcff  person  who  reviewed  your 
plan. 

FINAL  ASSESSMENT: 

Successful  completion  of  the  MOD;*  will  be  determined  from  input 
from  the  classroom  teacher  and  the  post-teaching  review.  The 
post-review  may  include  the  classroom  teacher  or  may  include 
written  input  from  her. 
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M^D  262    Flftfinrla  ana  Regeneration 

Formulating  hypotheses,  exf  e-iir.„  r.*-.ng 

PREREQUISITE. 

After  cc^pTccJog  objective  19  yoi  will  present  your  exp  rimer*?!  rltn 
to  the  Instructor  for  approval  before  you  b»gin  the  exp^rjment*!  work. 

OBJECTIVES: 

1.  You  wJli  be  able  to  plan  an  experimental  design  wbirU  vLll  *llovt 
you  to  test  tljg^validlt?  of  h  hypothesis  ycu  have  stated  in  the 
experimental  design. 

2.  In  doing  your  experiment,  yoi  will  be  eble  to  name  the  variables 
held  constant,  the  manipulated  variable (a) \and  the  responding 
variable f  )  in  the  experimen  t  . 

1.  You  will  be  able  to  diacuaa  ?*th  the  Instructor  your  experimental 
results,  drawings,  recorded  ibservatlons,  anil  data,  and  yon  will  4 
be  able  u>  use  them  to  support  "t  ^efute  the  hypothesis  you 
formulated  for  objective  1. 

4.    After  doing  your  experiment,  you  will  be  abU  to  make  some  positive 
statements  about  how  the-  experimental  design  you  formulated  for 
objective  1  might  be  Improve!. 

5     After  doing  your  experiment,  you  will  t>e  able  ro  state  one  new 
hypothesis  Chat  you  might  fc emulate  aa  a  result  of  your  work* 

INSTRUCTIONAL  REFERENCES  ft  MATERIALS: 

!•  Wodsedalek,  Gener?!  Biology  Laboratory  Guide,  pp.  144-146 

2.  Elliot,  Laboratory  Guide  for  Zoology,  pp.  59-63 

3.  Keeton,  Laboratory  Guide  for  Biological  Science,  pp.  300-302 

4.  Weisz,  The  Science  of  Zoology,  pp.  571-573 

5.  This  MOD 

6.  General  biology  texts  in  Resource  renter 

7.  Living  planariat  disbeaf  and  ot^r  material  that  will  depend  on  t\  o 
design  of  the  experiment 

FINAL  ASSESSMENT: 

See  objectives  above.    Bring  eyp^eri::crcal  data  and  animals  to  the 
evaluation 
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PROCBDURE: 

General  Information: 

-MOD  262  has  two  main  thrusts.    One  cf  thone  Oetft«iino  t*.>  vw  o*P«  ,en^ 

in  planning  an  experimental  design.    It*  >thcr  direct.  ,ou  u  ,<•>  th<  expe  ,mcnf 
in  order  to  determine  the  effer  dveness  of  the  experimental  cvr-n  •«  vertfyin* 
or  nullifying  your  hypothesis.    There  art  many  styles  *r  pat*        t Ut  on*  can 
uae  in  formulating  an  experimental  design  leading  to  .hat  are  valii 

examples  of  acientlfic  method.    However,  one  does  need  to  fcl'ov  certain  steps 
or  thought  processes  from  which  is  usually  formulated  a  wilt-m  plan  or  outline. 
Most  scientists  will  agree  thet  all  ki  cwr*dge  about  the  n*tur  ,l  world  begins 
with  directly  or  indirectly  observing. thiags  in  nature.    Our  r>bscrv„t  tons  resul- 
in  the  eccumulation  of  simple,  posslb.y  isolated,  facts.    If  you  watched  the 
oun  come  up  this  naming,  you  gained  .  Piece  of  factual  information.    If  you 
noticed  that  it  cane  up  at  6:30  a.m.,  yov  gainers  second  tact.    If  you  noticed 
IV  the  sun  apparently  moves  from  east  to  went,  you  gained  more  factual 
information.    It  I*  onlv  through  an  ateur»0»tica  of  facts  about  a  certain 
phenomenon  that  one  can  ask  an  intelligible  queation  about  the  phenomenon. 
The  formulation  of  a  question  then  is  a  second,,? mpor tgnt_ste£  leading  to  an 
experiments]  design. 

Prom  the  discussion  above,  one  may  ge,  the  inhesion  •  hat  every  scientist  in 
formulating  an  experimental  design  nerds  to  begin  with  self-ooHerved  simple 
phenomena.    However,  it  is  equslly  po  si-le  to  formulate  a  good  question 
regerdlng  the  generalization,  hypothe  cs,  or  theory  of  someone  else.  For 
example,  if  in  your  reading  about  pla.\ari3  regeneration,  you  observe  the 
statement  made  by  someone  else  that  ^  .11  panaris  have. _an  ability  to 
regenerate  lost  body  parts,"  you  mlgh  .  faraalati  a  question  about  this 
scientific  generalisation.    Of  course    V  v-ulc  be  assumed  that  you  have 
accumulated  enough  factual  material,  .hr.       p  uling  or  observing,  about  \ 
planarla  regeneration  to  question  a  mtjer  f-mory  cr  concept.  \J 

A  third  step  leading  to  an  experjment  »1  design  -equires^tWosing  of  an 
nsmmr,  a  gmtss,  of.  solution  tfthe  Pr*3-«  you  hav/sTatid  in  step  two  a»  ,ve. 
Tour  "good  guess"  ^  answer  to  the  qu»tion  is  usually  called  your  hypothest*). 

Once  you  have  atsted  or  formulated  y0jr  h,futhe,is,  y°»  must  teat  it.  Suoh 
testing  requires  that  you  do  further  *s=rving  and/or  experimenting. 
Experimentation  is  the  most  difficult  part  of  research  in  thet  its  ««"s 
hinge  on  several  important  factors.    Ct  La  nee  .sary  that  the  experimentation 
be  designed  so  that  it  will  test  the  lyv-uh-aia    "It  is  necessary  that  ^he 
results  be  accurstely  observed  and  incei.-tv.ied  Kthout  bias  or  prejudice. 
Remember,  it  is  essier  to  see  something  if  you  know  what  you  are  looking  for. 
Very  often  an  answer  is  over-looked  bsu.^  th*.  researcher  has  his  eyes 
strsined  for  a  different  snswer  or  result.    It  may  ever,  be  possible  to  see 
something  thst  is  not  there  if  the  researcher  is  convinced  that  it  should  be 
there.    Experimentation  most  often  requires  A  design  that  allows  the 
resesreher  to  cleerly  distinguish  bet  wen  t*(e  controlled  variables,  the 
msnlpulsted  variable (s)  and  the  respond! ag  /krlable(s).    Ano  her  important 
aspect  of  experimentation  is  that  it  to  itslgnil  and  record*    so  that  it  cm 
be  repeated  exactly  by  «*J*er  researchers.    Any  rme  ixperimer.  al  effort  t. 
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to  test  a  hypothesis  is  only  a  beginnin*  .    b'  oiy  hvpot'iesii  d<   t  b<»  *    tod  i.iany 
tines,  by  various  researchers,  before  5r  .  up  >>e  ,<lven  my  deg  of-  of  w-aHdiiy. 
Once  it  has  a  high  degree  of  validity  m  c^riitu'io  it  can  be    ailed  *  ihecry. 

The  analysis  af  the  results  of  any  pxp-iiuent  must  aJ-vyss  Jen    to  nev  insights 
that  are  directly  related  to  the  hypothesis  being  teste4,    Th      new  insights 
lead  to  a  final  step  in  the  scientific  method.    This  fiiv.l  at  -  -  qui  ^3  cr 
initiates  additional  experimentation.    Additional  export  *nt*  h  1  requires 

the  formulation  of  new  hypotheses,  new  experiment!  d«  ^1„^>  ^nJ  hrn.e 
perpetuates  the  quest  for  scientific  truth. 

Activity: 

If  you  have  read,  the  above  Information  yov  will  realize  that  <cur  first  goal 
i*  doing  thia  MOD  is  to  review  some  of  the  literature  dulling  with  the  1 
scientific  method  *  vj  with  planarla  regeneration.    It  is  granted  that  the 
lit*,  n tore  cited  Is  not  exhaustive  In  ter.ua  of  information  abcut  planaria 
regeneration.    However,  it  should  provj.de  you  with  facts  which  will  allow  you 
to  ask  a,  question  about  some  facet  of  cegt-oetari^n  in  planaria.    For  example, 
you  might  ask:    Will  planaria  regenerate  in  the  uark?    Will  planaria  regenerate 
if  only  one  piece  is  In  a  dish?    Do  all  t*e  sections  participate  in  the 
regeneration  lot  any  one  section?    Will  planaria  regenerate  if  they  are 
constantly  stirred?    Once  you  have  asked  ?.  question,  you  can  formulate  a 
hypothesis  and  plan  an  experimental  deUgn  which  will  test  your  hypothesis. 

Be  sure  to  read  the  objectives  and  understand  tfcam  before  you  .proceed  with 
this  MOD. 
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PLANARIAN  ANATOMY  2 
Digestive  and  Excretory  Systems 
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A  Digesuvt  .yslem.  trie  lad 

1  he 

2  Intestin* 

*  Pharj^ierfl  cav.iy 

4  Pharynx 

<  Month 

ft  ,  Pharyngeal  opcrfing 

B  t-\crctory  System 

]  4titu.lv 

A  hhme  cell 

*•  STwi'ttiry  port1  * 

10  f-^retnrv  tubule 


t 
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PLANARIAN  ANATOMY  3.  c 
Nervous  and  Reproductive  Systems 


ERIC 


A.  Nervous  system 

1.  Main  \enM»rv  brain  nerves 

2.  Brain 

3  Dorsal  commissure  between  ventral  cords 
4.  Ventral  nerve  cord 
S  Transverse  commissure 

6.  Marginal  plexus 

7.  Anterior  continuation  of  ventral  cords 

8.  Kye,  nerve  celh 

9.  Eye,  pigment 

10.  Ventral  sensory  nerve 

B  "Reproductive  system 

M.  Ovary 

12.  Yolk  gland 

13  Testis 

14.  Oviduct 

IV  Sperm  duct 

lit.  Pharynx 

17.  Spermiducal  vesicle 

18  Copulalory  sac 

19.  Pharyngeal  opening 

20.  Bursal  G*nal 

21  Penis  p.ipilln 

22  Genital  chamber 

23  Genital  pore 
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MOD  263  Analysis  of  Circles 

This  MOD  is  designed  to  provide  some  interesting  propertie  -  of  circles  for 
analysis.  *  s 

OBJECTIVES: 

At  f&he  conclusion  of  this  MOD  you  will  he  able  to: 

1.  ^Observe  the  occurrences,  both  physical  and  conceptual,  of  circles 

in  your  life, 

2.  Analyze  circles  and  their  relationships  with  points,  ivies, 
Cartesian  coordinates,  etc, 

3.  Make  applications  of  what  you  have  learned  about  circles, 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Analysis  of  Shapes  OBTAIN  ALL  THESE  MATERIALS 

2.  Elementary  textbook  series  IN  RESOURCE  CENTER  EXCEPT 

3.  Compass,  straightedge,  protractor,  rraph  paper   FOR  THE  GRAPH  PAPER, 

PROCEDURE: 


1.     In  MMP,  Analysis  of  Shapes,  do: 


Activities  lf> 

■  17 
.  ,  18 
19 
21 

Create  a  game 
in  this  MOD. 


Items 
Items 
I  terns 
Items 
I  terns 


1  . 
1, 

1,  3, 
1,  2, 
1  and 


2   (writ~  why)  , 
2,  3,  A,  and  5 
and  5 
5,  6,  and 


3,  4,  and  5 


or  activity  ro 


used  in  teaching  a  concept  learned 


FINAL  ASSESSMENT: 


1.  Bring  all  work  sheets  and  your  gameo to  the -evaluation. 

2.  Be  prepared  to  take  a  wriLLtfn  test  as  a  part  of  the  evaluation 
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M&  *264    Heatii  {,  and  Cooling 
Infer 1 lng 

OBJECTIVES: 

1.  Given  the  material*  found  in  the  MOD  tray,  you  will  carry  out 
empirical  Investigations  regarding  heating  and  cooling.  Your 
investigations  will  correspond  to  at  least  12  out  of  the  22 
Problem  Cards  shown  in  Haatlne  and  Cooling,  pp.  14-43.  You 
will  keep  a  written  record  of  your  investigations.- 

2.  You  wi?l  formulate  at  least  two  good  questions  regarding  the 
phenomena  encountered  in  your  lnvestlgstlons.   With  the  help 

of  references  on  the  physics  of  heat,  you  will  formulate  an  answer 
for  st  least  one  of  your  questions. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  £SS,  Heating  and  CoolinR.  Teacher's  Guide 

2.  Physical  science  texts 

3.  Candles,  clothespins,  water  pails 

4.  Solid  and  hollow  metal  rods  of  different  diameters,  sheet  metsl, 
pieces  of  screening,  wire  made  of  various  metsls 

FINAL  ASSESSMENT: 

1.  Submit  the  written  record  corresponding  to  objective  1  and  be 
ready  to  discuss  it  with  your  Instructor. 

2.  See  objective  2. 


577 


MOD  264 


ISMEP 

MUD  265  Gerbila  and  Mas** 

Experimenting,  Interpreting  data 

OBJECTIVES: 

1.  Aftar  conetructlng  a  sate,  you  will  determine  tha  ability  of 
gerbila  to  laarn  a  pathway  to  a  food  aourca. 

2.  Aftar  performing  ea*en  teat  runs  with  a  gerbil,»you  will 
communlcete  your  data  by  putting  It  Into  graph  form. 

3.  Aftar  aattlng  up  your  experimental  daalgn  according  to  page  2  of 
this  MOD,  you  will  name  at  least  two  controlled  variable*,  two 
manipulated  varleblea,  and  two  responding  vevlablea. 

4.  After  conducting  the  experiment,  you  will  Hat  three  or  four 
things  that  you  feel  you  should  have  included,  done  differently, 
or  excluded  in  the  experiment. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  ESS,  The  Curious  Cerbils 

2.  SAPA  63,  Maze  Behavior 

3.  SAPA  66,  Learning  and  Forgetting 

4.  SAPA  38,  Using  Graphs 

I    ^^SSHSStS-..  slower  SerbU  ca8e. 

maze  tracing  paper 

FINAL  ASSESSMENT: 

See  objectives  above.  Bring  to  the  evaluation  a  tracing  of  the  caze 
and  a  graph  which  communicates  the  collected  data. 


578 


MOD  265 


PROCEDURE: 


-2- 


1.  Read  Hie  Curious  Garb  1  la.  an  ESS  information  booklet  by  Morrison  end 
Morrison. 

2.  Obtain  e  gerbll  from  the    Prep   Room  and  place  It  In  a  cage  on  a  metal 
trey.    Piece  the  cage  on  the  floor  of  room  mn  214  for  a  period  of  tiro  deys. 
Supply  it  with  the  food  and  meter  provided  In  the  room. 

3.  Obtain  a  piece  of  brown  wrapping  paper  that  Is  4-6  feet  long  and  construct 
e  mass  on  It.    Trace  the  outline  of  the  maze  on  the  paper.    The  mace  should 
be  constructed  so  that,  when  opened ,  the  cage  door  will  permit  the  gerbll  to 
enter  the  maze.    Once  you  have  constructed  the  naze,  the  cage  end  the  maze 
should  be  left  In  the  seme  position  during  the  entire  experiment. 

4.  Remove  all  food  and  water  from  the  cage  on  the  evening  of  the  second  day. 

5.  Sometime  during  the  third  day,  place  food  In  one  of  the  maze  erees  end 
open  the  door  of  the  cage. 

6.  Record  the  pathway  that  the  gerbll  takes  and  the  time  It  takes  for  the 
P'rbll  to  reach  the  food. 

/.   As  soon  es  the  gerbll  reaches  the  food,  return  It  to  the  cage  and  supply 
food  and  water  for  the  rest  of  the  day.    Remove  the  food  end  weter  In  late 
afternoon  or  evening. 

8.  Repeat  etepe  4  through  7  for  six  more  trials. 

9.  After  completing  the  exercise,  return  the  gerbll  to  the  Prep  Room, 
clean  the  cage  and  the  area,  and  dismantle  the  maze.    Keep  the  paper  treeing 
of  the  naze,  end  bring  It  to  the  oral  evaluation. 

10.  Communicate  your  data  by  making  a  graph,  and  then  Interpret  the  graph. 

11.  Prom  your  drta,  formulate  at  least  five  concluding  inteaents  about  the 
experiment  and  t  e  results. 
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HDD  266  Acids,  Bases,  Indicators    (Group  Activity) 
Observing,  Inferring 

OBJECTIVES: 

1.  Given  some  red  cabbage  leaves  and  utensils  in  which  to  boil  them, 
you  will  prepare  red  cabbage  juice  and  red  cabbage  indicator 
paper. 

2.  Given  3  liquid  indicators  (phenolphthaleln,  methyl  orange  dye,  . 
and  red  cabbage  juice),  you  .will  demonstrate  their  behavior  in 
6F  NaOH,  6F  HC1,  and  distilled  water. 

3.  Given  2  paper  indicators  OAtmus  and  red  cabbage),  you, will  test 
at  least  12  household  items  for  their  arid  and  basic  properties. 

4.  You  will  describe  at  least  one  indicator  chinge  in  common 
household  activity,  for  example,  cooking,  laundering,  cleaning. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 
•  * 

1.  This  ItOD,  pp.  2*4 

2.  Sections  of  basic  college  chemistry  texts  on  acids,  bases, 
and  indicators 

3.  College  chemistry  majors 

4.  Phenolphthaleln,  methyl  orange  dye,  red  cabbage  juice,  litmus  paper, 
red  cabbage  paper,  various  household  items 

5.  Cooper,  Elizabeth  K. ,  Discovering  Chemistry,  Mew  York:  Harcourt, 
*race,  and  World,  1959,  pp.  112-114 

FINAL  ASSESSMENT: 

1.  See  objectives  above. 

2.  Check  your  lab  sheets  with  the  instructor. 
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PROCEDURE: 


Useful  Information  about  Indicators 

Acid  -  a  substance  that  contributes  hydrogen  Ions  (H**)  to  a  solution. 
Base  -  s  substance  that  "contributes  hydroxy  1  ions  (0K~)  to  a  solution. 
Indicator  -  a  substance  that  changes  color  In  acids  and  bases.    The  color 
change  Is  due  to  chemical  change. 

Various  kinds  of  Indicators: 

s.    Phenolphthaleln  and  methyl  orange  -  complex  organic  dyes 

b.  Litmus  -  a  complex  vegetable  structure  extracted  from  lichens 

c.  Plover,  fruit 9  and  vegetable  indicators 

Flower  Indicators 

Directions  for  making  your  yown  chemical  Indicators  from  natural  materials  sre 
given  by  Elizabeth  Cooper  In  Discovering  Chemistry,  pp.  112-114.  The 
following  adaptations  have  been  made  from  this  useful  book  for  elementary 
school  teachers.    Cut  the  blossoms  of  the  flowers  or  fruit  Into,  tiny  pieces* 
Fuf  thefe  In  a  glass  jar.    Put  a  silver  spoon  or  knife  into  the  jar  to  absorb 
sc^e  of  the  heat.    Pour  about  one^half  cupful  of  boiling  water  over  the  flower 
bits.    Let  each  jar  stand  until  the  color  la  extracted  from  the  flower  and 
the  solution  becomes  colored.  /Soak  some  soft  white  paper  In  the  liquid  end 
let  the  psper  dry.    Use  this  same  procedure  to  make  each  Indicator.  The 
following  activities  will  be  useful  In  your  teaching. 

s.  Violets 

Several  dozen  violets  will  turn  the  solution  s  deep  greenish-blue.  This 
will  turn  red  with  acids  and  green  with  bases. 

b.  Hollyhocks  > 

Purple  hollyhock  blossoms  will  produce  psper  especially  sensitive  to 
sclds  and  bases.    This  paper  called  "Mallow  Paper"  is  made  and  used 
commercially, 

c.  Purple  Dahlias  and  Purple  Iris 

Pieces  of  purple  dahlias  make  a  purplish  solution.  ' 
Fruit  Indicators 

Cherries,  huckleberries,  and  elderberries  can  be  used  to  make  test  papers* 
Crush  the  deep  red  end  purple  fruit  to  extract  as  much  of  the  purplish  juice 
ss  possible.    Soak  soft  white  paper  in  the  colored  juice,  letting  the  paper 
ab*6rb,as  much  juice  as  it  can  hold.    Dry  the  paper  in  a  shady  place.  When 
dry,  mark  the  paper  with  the  name  of  the  fruit.    Test  its.  alkali  or  base 
reaction  with  a  few  drops  of  household  ammonia.    Notice  how  the  papers  vary 
in  sensitivity. 

1.    Red* Cabbage  Liquid  and  Paper  Indicator 

In  this  MOD,  you  will  work  only  with  red  cabbage  indicator.    Liquids  also 
change  color  In  the  presence  of  acids  and  bases.    To  make  a  liquid  indicator 
chop  into  tiny  pieces  some  dark  purple  red  cabbage  leaves  or  red  beets.  Put. 
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a  cupful  of  the  chopped,  pieces  lAto  an  enamel  pan  or  pyrex  container.    Do  not 
use  aluminum.    Add  enough  water  to  cover  the  pieces.    Put  the  pan  on  the  stove 
and  boll  the  vegetable  gently  for  at  least  twenty  minutes.    When  It  Is  cool 

*  enough  to  handle,  pour  the  colored  liquid  Into  glass  bottles  or  jars.  To 
test  the  indicator  fill  a  test  tube  about  one-fourth  full  of  the  liquid.  Add 
a  measure  of  baking  soda.    Observe  the  color  change  in  the  solution  from 

Vpurplish  red  to  green.    The  baking  soda  has  made  the  solution  basic. 

Then  add  a  few  drops  of  vinegar  at  a  time.    Gradually >  the  green  color 
disappears  as  the  vinegar  neutralizes  the  solution.    Continue  to  add  vinegar 
until  the  red  color  indicates  your  solution  has  become  acid. 

Then  make  cabbage  indicator  paper  by  cutting  small  strips  of  newspaper  or 
white  paper  toweling  and  soixk  them  in  the  liquid/  Soak  the  strips  until  they 
turn  purple  and  dry  them  in  a  shady  place.    This  paper  will  turn  pink  when  it 
Is  dipped  Into  an  acid  and  It  will  turn  green  In  a  base.    It  should  be 
handled  with  clean  hands  and  kept  In  a  covered  container  when  it  is  not  in  use. 

2.    Test  the  behavior  of  the  following  indicators  by  putting  two  or  t&ree 
drops  of  each  in  about  5  ml.  of  each  of  the  given  reagents:  \r 


.25M  HC1  .25M  NaOH  Distilled  Water 


Phenolphthaleln 
Methyl  Orange 
Red  Cabbage  Juice 


3.    Place  a  little  of  the  indicator  In  about  5  ml.  acid.    Then  add  hydroxide 
until  the  solution  is  basic.    Then  add  acid  until  the  solution  is  again 
acidic.    Describe  what  happens. 

Phenaophthaleln  .  


fie  thy  1  Orange 


Red  Cabbage  Juice 
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4.    Maay  common  household  materials  are  acids  or  bases.    Test  snail  portions  of 
each  of  the  following  with  litmus  paper  and  with  red  cabbage  paper  and  record 
the  results.    If  the  material  is  a  solid 9  dissolve  a  little  of  it  in  distilled 
water.    Prepare  two  test  tubes  each  of  67  HC1,  6F  HaOK,  and  distilled  water  to 
separately  test  each  paper.    Put  the  paper  in  the  test  tube  and  use  its  color 
as  a  standard  for  comparison  in  the  tests  below.    Determine  In  each  case 
whether  the  substanee  Is  acidic  or  basic. 

Bouggh/ld  Item  Litmus  Paper     Red^Cabbage  Paper   Acid  or  Brset 


Detergent 

Toilet  Soap 

Vinegar 

Alka- Seltzer 

Saliva 

Ft  -sh  talk 

Sour  tlllk 

Baking  Soda 

Lemon  Juice 

Table  Salt 

Carbonated  Beverage 

Household  Anmonla 

Dry  Bleach 

Bowl  Cleaner 


Strong  Cleaner  (Ajax,  Spic  and  Span)_ 


5.  Describe  at  least  one  indicator  change  in  common  household  activity,  as 
cooking,  laundering,  cleaning. 
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MODs  267-269    Teaching  Mathematics 

The.se  MODs  are  desglned  ,to  allow  you  the  opportunity  to  Identify, 
with  the  classroom ^ teacher,  needs  of  the  children  of  a  classroom 
at  the  grade  level  of  your  choice  and  to  plan  and  teach  a  small 
unit  or  series  of  activities  to  meet  those  needs* 

OBJECTIVES: 

At  the  conclusion- of  these  MODs  you  should  be  able  to,  when 
given  an  area  In  mathematics,  plan,  teach,  and  evaluate  a 
unit  to  a  group  of  elementary  children  with  greater  confidence 
and  competence. 

INSTRUCTIONAL  REFERENCES  AND  'MATERIALS : 

References  and  resources  In  the  SME  Resource  Center 

PROCEDURES: 

1.  During  the  first  two  weeks  of  the  semester  report  to  Mrs. 
1  Yoo  your  grade  level  preference. 

2.  After  arrangements  have  been  made  with  an' area  teacher,  meet 
with  the  teacher  to  identify  your  teaching  area  and  to 
establish  a  schedule.  -  Your  teaching  should  Involve  at  least 
three  periods.  „  . 

3.  Prepare  a  plan  for  your  teaching,  Including  at  least  the 
following  components,  and  review  It  with  an  ISMEP  staff 
member.  s  / 

Title  ' 
Grade  level 

Objectives  (written  In  behavioral  terms) 

Materials 

Procedures 

Evaluation  Plan 

4.  Make  three  copies  of  the  plan— one  for  the  teacher,  one  for, 
the  ISMEP  file,  and  one  for  yourself. 

5.  Complete  the  teaching,  and  sign  up  for  a  review  of  the 
experience  with  the  ISMEP  staff  person  who  reviewed  your 
plan. 

PINAL  ASSESSMENT^ 


Successful  completion  of  these  MODs  will  be  determined  from  input 
from  the  classroom  teacher  and  the  post- teaching  review.  The 
post-review  may  Include  the  classroom  teacher  or  nay  Include 
written  input  from  her. 


r 
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MOD  270   Judging  Elementary  Science  Projects 

This  MOD  is  designed  to  provide  you  en  opportunity  to  view  science 
projects  prepared  by  .elementary  children  and  to  allow  you  to  apply 
objective  criteria  in  judging  the  scientific  value  of  the  projects. 

OBJECTIVES: 

i 

After:  participating  in  thia  MOD,  when  given  a;  science  project  $pd  a 
set  of  criteria  you  should  be  able  to  evaluate  the  project  and  assign 
a  rating  with  increaaed  reliability  and  confidence. 

  o  • 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Woodburn,  John  H.  and  Osbourn,  Ellsworth  S.f  Teaching  the  Pursuit 
of  Science,  pp.  448-4591 

2.  References  in  Resource  Center  and  University  Curriculum  Library 

3.  Sample  attached  forms  ^ 

« 

PROCEDURE: 

1.    Prepare  a  short  report  (1*2  pages)  on  science  projects  and/or  , 
science  fairs  Incorporating  some  advantages  and  disadvantages. 
You  may  utilize  references  and  your  own  experience. 
.2.    Review  the  forms  used  for  the  1»78  North  Calloway  Elementary 
Science  Fair  (Included  in  thia  MOD). 
3.    Assist  with  judging  a  science  fair  at  an  area  elementary  school. 

Time  and  place  villvbt  announced. 

*  - 

FINAL  ASSESSMENT: 

Completion  of  the  MOD  will  be  accomplished  by  submitting*  in  good 
form,  your  report  and  by  your  participating  in  the  judging  of  an 

elementary  science  fair. 
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CRITERIA  for  JUDGING  EXHIBITS 


1.  Creative  ability  30  points 

/How  much  of  the  work  appears*  to  show  originality  of  approach  or 
handling?    Judge  that  which  appears  to  you  to  be  original  regardless 
of  the  expense  of  purchased  or  borrowed  equipment •    Give  weight  to 
ingenious  use  of  materials,  If  present.    Consider  collections 
creative  if  thtey  seem  to  have  a  purpose. 

2.  Scientific  thought  .30  points 

Does  this  exhibit  disclose  organized  procedures?    Is  there  a  planned 
•system,  classification 9  accurate  observation,  controlled  experiment? 
Does  this  exhibit  show  a  verification  of  laws,  a  cause  and  effect,  or 
,  present  by  models  or  other  methods  a  better  understanding  of  scientific 
;   facts  of  theories?  .  Give  weight  to  provable  amount  of  real  study  and 
effort  which  is  represented  In  the  exhibit. /"Guard  against  discounting 
for  what  might  have  been  added,  .included,  or  improved. 

3.  Thoroughness  .10  points  * 

Score  here  for  how  completely  the  story  is  told.    It  is  not  essential 
that  step-by-step  elucidation  of  construction  details  be  given  In 

working  models.  * 

4.  Skill   .10  points 

Is  the  workmanship  good?    Under  normal  working  conditions,  Is  the 
exhibit  likely  to  demand  frequent  repairs?    In  collections,  how 
skilled  is  the  handling,  preparation,  mounting,  cr  other  treatment? 

5.  Clarity  10  points 

In  your  opinion,  will  the  average  person  understand  whet  Is  being 
displayed?    Are  guide  marks,  labels,  descriptions  neatly  yet  briefly 
presented?    Is  there  sensible  progression  of  the  attention  of  the 
spectator  across  and  through  the  exhibit? 

6.  Dramatic  value  10  points 

Is  this  exhibit  more  attractive  than  others  in  the  same  field? 
Don't  be  influenced  by  "cute"  things,  lights,  buttons,  switches,  ' 
cranks,  or  other  gadgets  which  contribute  little  to  the  exhibit. 


The  Science  Clubs  of  AMERICA  have  set  .up  the  above  criteria  to  be 
used,  at  regional  and  national  science  fairs  throughout  the  United  States. 
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:;CIENCE  FAIR  EVALUATION  SHEF* 


Exhibitors  Number 


Exhibitors  Name 


Criteria 


1.    Creative  ^bility 


2.    Scifftif ic  , thought 


3.  Thoroughness 


4.  Skill 


Possil 
Points 


30 


30 


10 


10 


5.  Clarity 


10 


6.    Dramatic  value 


10 


TOTAL  POINTS 


Actual  points 


557 


Mat* 
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SCIENCE  PROJECT  EVALUATION 


Students  Name 


Name  of  Project 


POINTS      JUDGES     -GRADE  COMMENTS 


Project  turned  in 
on  time 


Time  spent  on 
Project 


Org'nality 


Science  Concept 
1)  Is  it  easily 
recognized 


60 


20 
10 


I 
I 


10 


COMMENTS 


70-76  =  D 
77-87  =  C 
88-94  =  B 
95-100=  A' 
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Rules  for    lorth  Cal  .oway  Science  Fair  In  Sixth,  Seventh  and  Eighth  Grade 

1.  North  Calloway  Science  Fair  will  he  held  April   S,  6,  and  7>1n  thp  gym. 

2.  Prices  will  be  awarded  in  each  grade.    Overall  firp*:,  second,  and  third 
place  prizes  will  be  awarded  also.    All  participa"   3  will  be  awarded 


3.  Each  person  in  the  sixth  and  seventh  and  eighth  gardes  must  have  a 
project.     It  will  count  1/3  of  the  six  weeks  science  grade. 

4.  No  more  than  two  persons  may  work  together  on  one  project  and  they 
have  to  be  in  the  same  class  section. 

5.  All  projects  will  be  explained  in  class. 

6.  Projects  may  be  entered  in  science,  math,  or  health. 

7.  Late  projects  will  not  be  accepted  unless  students  are  absent  the 
day  of  the  science  fair  and  are  excused  by  the  principal. 

8.  Projects  must  be  done  at  the  expense  of  the  student  and  work  must  be 
done  by  the  student  outside  of  class.  Money  spent  will  be  up  to  the 
parent  and  student. 

9.  All  prize  winners  must  enter  their  projects  in  the  MSU  Science  Fair 
in  April   1978  at  the  Livestock  Pavilion  or  not  accept  the  r>rize. 

10.  -Extra  points  toward  science  grade  will  be  given  to  all  who  visit  artd 

view  the  MSU  Science  Fair.    Check  off  your  name  with  the  list  Mr. 
Walker  or  Mrs.  Beach  has  on  that  day. 

11.  April  6  at  7:00  all  parents  are  invited  to  view  the  Science  Fair  at 
North  after  the  regular  PTC  meeting.    You  are  encouraged  to  attend. 

*******************^ 


NAME  OF  PERSON  OR  PERSONS: 

TITLE  OF  PROJECT:  

BRIEF  DESCRIPTION  UK  PROJECT: 


We  have  read  and  understand  all  of  the  above  science  fair  rules. 
Due  fact  to  teacher  March  17.  w   "  


ribbons . 


First  prize 
Second  prize 
Third  prize 


$5.00 
3.00 
2.00 


ENTRY  BLANK  FOR  NORTH  SCIENCT  FAIR 


Parents  signature 


Student  signature 
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MO)  271    Multiplication  and  Division  in  the  Elementary  School 
OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will: 

1.  Have  insight  into  the  order  in  which  children  learn  multiplication 
?nd  division. 

2.  Gain  insight  into  the  age  of  children  for  each  developmental  stage 
of  multiplication  and  division. 

3.  Be  able  to  introduce  conceptual  development  with  a  degree  of 
confidence. 

4.  Be  able  to  help  a  child  bridge  the  gap  between  a  problem  and  the 
mathematical  symbols  used  to  represent  the  problem. 

5.  Be  able  to  encourage  children  to  learn  or  memorize  basic  multipli- 
cation and  division  facts. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1 .  MMP ,  Multiplication  and  Divis ion 

2.  MMP  Slide/tape,  "Multiplication  and  Division  in  the  Elementary 
School" 

3.  Current  elementary  mathematics  text  series 

4.  Chips 

PROCEDURE: 

I.  View  the  slide/tape,  "Multiplication  and  Division  in  the  Elementary 
/  School." 


Activities  3: 

Items  1  and  2 

4: 

Items  1,  2,  3,  and  4 

5: 

Items  1,  2,  3,  4,  5,  and  6  (Play  the  chip  game.) 

7: 

It^m  2 

8 : 

Part  1;  Items  1  and  2 

Part  2;  Items  1,  2,  3,  4,  5,  and  6 

10: 

!u  -S3  1,  2,  3,  and  4 

11: 

Items  1  and  2 (Laminate) 

3.     Find  at  Jeast 

two  games  to  aid  a  child  in  learning  multiplication 

and  division. 

FINAL  ASSESSMENT: 

1.    Bring  all  work 

papers  and  games  to  the  evaluation. 

2.     See  objectives. 
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M03  272  Multiplication  and  Division  Algorithms 


This  MOD  is  concerned  with  development  of  the  algorithms  for  multiplication 
and  division. 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  Help  children  progress  from  real-world  problems  to  symbols  without 
using  concrete  models. 

2.  Help  children  develop  an  understahding  of  the  algorithms. 

3.  See'  the  algorithms  as  efficient  procedures  for  calculations  in 
multiplication  and  division. 

4.  Recognize  some  patterns  for  algorithms. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Multiplication  and  Division 

2.  Dienes  blocks,  bundling  sticks,  Cuisenaire  rods,  grnph  paper, 
crayons 

3.  Current  elementary  mathematics  textbooks 
PROCEDURE: 

1.  In  MMP,  Mi^Jtiplication  and  Division,  do: 
Activities  13:     Items  1,  2,  3,  4,  5,  6,  and  9 

14:     Items  l(See  Instructor's  Manual  after  you  have 

matched  the  activities  with  the  objectives)  and  2 
16:     Items  1,  2,  3,  and  4 
17:    Items  1,  2,  3,  and  5 
19:    Items  l9  2,  and  3 
20:     Items  1  and  2 

2.  Prepare  a  game  to  reinforce  a  concept  you  have  learned  involving 
algorithms . 

FINAL  ASSESSMENT: 

1.  Bring  all  work  papers  and  your  game  to  the  evaluation. 

2.  Be  prepared  to  answer  questions  relative  to  objectives. 
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MOD  273  Multiplication  and  Division 

This  MOD  is  designed  to  increase  yoiir  confidence  in  tenchinf*  thp  division 
algorithm. 

OBJECTIVES : 

At  the  conclusion  of  this  MOD  vou  will  In'  able  to: 

1.  Design  a  sequence  of  steps  to  help  children  learn  to  divide 
with  larger  numbers. 

2.  Understand  the  division  algorithm  completely. 

3.  Illustrate  the  importance  of  estimat  ion  in  division. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Multiplication  and  Division 

2.  Current  elementary  mathematics-  textbook  series 

PROCEDURE : 


1.     In  MMP,  Multiplication  and  Division,  do 

Activities  21:     Items  1  and  2 

23:     Items  lf  2,  3,  and 
Z     In  MMP,  Multiplication  and  Division,  read  3nd  discuss  with  your 

partner  the  steps  presented  iir* Activity  22. 

FINAL  ASSESSMENT:  . 

Bring  all  work  sheets  to  the  evaluation. 
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MOD  275    Interpreting  Aerial  Photographs 
OBJECTIVES: 

■>  • 

1.  "    Given  aerial  photographs  of  the  Murray  area  you  will  be  able  to: 

a.  identify  the  four  directions,  N,  S,  E,  W,  using  a  recognizable 
reference  point  of  your  choice  in  the  photographed  landscape; 

b.  arrange  the  four  photos  of  Murray  to  form  a  composite; 

c.  trace  the  city  boundaries  of  Murray; 

d.  make  inferences  regarding  geographical  and  "meteorological 
conditions. 

2.  Using  the  topographic  maps  for  reference,  you  will  be  able  to: 

a.  prepare  a  verbal  scale  for  the  given  photographs; 

b.  infer  causes  of  physical  land  changes  or  discrepancies 
between  the  maps  and  photographs. 

3;    Given  a  topographic  map,  .you  will  be  able  to  perform  the  fallowing 

tasks  *  * 
a.     interpret  contour  intervals*by  pointing  out  relatively  high 

and  low  areas  of  the  map; 
b      interpret  depression  and  elevation  contours; 

c.  distinguish  between  cultural  (man-made)  and  natural  features 
and  identify  various  features; 

~d.    .express  the  scale  of  the  map  by  using  verbal,  fractional,  or  . 
graphic  means. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

'    1.     Seven  1 : 24,000  topographic  maps  including  Murray  and  Calloway 
County,  Kentucky  "  \ 

2.    One  1:250,000  topographic  map  including  Murray  and  Calloway  County, 

Kentucky  mm  «j 

.3.    Four  small  and  four  enlarged  aerial  photos  including  Murray,  Kentucky^ 

4.  TVA,  Maps  Are  for  Fun!  Knowledge! 

5.  Boy  Scout  Manual,  Orienteering  .  found  in  the  MOD  tray 
FINAL  ASSESSMENT: 

1.     See  objectives.  • 

2      Bring  to  the  assessment  all  answer  sheets,  the  maps,  and  photographs 
and  be  prepared  to  demonstrate  your  proficiency  at  interpreting  aerial 
photographs  ahd  topographic  maps  by  answering  questions  similar  to 
ones  in  the  activities. 
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PROCEDURE: 


Information  on  /  rial  Survey  and  ^hcogiaphy 

The  Photographic  record  regie  tors  mtnut«  «  frequently  elusive  and  transient , 
deta lie  that  cju  d  ne/er  have  beeu  anteicd  on  the  most  painstaking  map.  The 
comprehensive  ph  tograph  is  ac  once  up  m  date.    It  gives  the  whole  truth, 
whenas  a  map  Is  always  a  high  y  select- v«  reduction  of  nature  to  conventions 
and  lymbols. 

J 

From "Its  inception,  aerial  photography  las  employed  two  basic  types  of  view: 
vertical  and  oblique.    Oblique  views  etc  usually  taken  from  a  relatively  low 
altitude,  with  either  a  hand-held  or  fl>ed  camera  slanted  obliquely  at  the 
ground,    they  give  a  perspective  view  wJth  a  better  impression  of  land forms 
than  vertical  views. 

Vertical  photograph n  demand  more  exartixg  apparatus,  since  the  optical  axis 
eh?  Id  be  precisely  perpendicular  to  tb*  earth's  surface.    Special  cameras  are 
designed  and  mounted  on  th<»  underbelly  c.r  ockpit  of  the  plane.    Vertical  shots 
possess  only  the  more  salient  properties  of  map  projections.    The  scale  depends 
upon  aircraft,  altitude  and  lens  focal  length.    Features  can  be  transferred 
from  a  vertical  photograph  to  a  conventional  map,  thereby  hewing  to  locate 
the  field.    The  success  of  such  an  operation  hinges  on  the  establishment  of 
recognisable  control  points  in  the  photc graphed  landscape. 

Some  possible  sources  of  error  include  aircraft  drift  due  to  side  winds  and 
tilt,  which  may  be  eliminated  by  rotatlrg  anjd  gyrostabilized  camera  mounts, 
while  height  variations  can  be  correctec  by  r*-scallng  in  the  enlarger.    For  > 
added  accuracy,  many  cameras  record  such  data  as  the  aircraft's  height,  altitude, 
heading  and  position  and  the  time  at  the  moment  of  exposure   on  the  film 
rebate,    Difference  _in  scale  between  th*  edges  and  center  of  the  picture  Is 
unavdidable»  but  can  be  reduced  by  u«ing  long-focus  lenses?   However,  economics 
or  low  clouds  may  prevent  t*iip.    Ka*c,  *ver-preaent  at  any  altitude,  can 
usually  bn  overcome  by  use  of  appropriate  filters  and  ^smuls ions . 

In  general,  qerial  survey  falls  Into  two  categories,  qualitative  or  quantitative 
and  photogr some trie.    The  firut  is  pmiul/  concerned  with  size,  shape,  tone 
and  texture.    Some  overall  distortion  is  acceptable  in  many  cases*  Its 
applications  lie  in  agriculture,  archeology,  and  military  reconnaissance. 

In  photogramnetrlc  survey,  position  and  direction  and  undistorted  reproduction 
are  tost  important?*  Photogrammetry  is  tue  science  of  making  measurements  from 
photc graphs.    This  is  done  through  stereoscopic  analysis.    Along  with  accurate 
positional  and  directional  data,  an  overlapping  of  photos  is  necessary  to 
prep* re  thnm  for  stereoscopic  viewing.    There  is  a  60%  minimum  overlapping; 
this  facilitates  the  identification  of  objects.    Measurements  can  be  taken  by 
hand,  but  are  usually  done  by  electronic  scanning  or  on  complex  plotting 
.machines.    These  employ  twin  projectors  over  a  large  plotting  table,  coupled 
to.  a  small  movable  table  or  floating  mar*.    Results  can  be  converted  directly 
to  cmtourri  or  stored  for  subsequent  processing  in  a*computer.    Either  way,  the 
end  product;  is  ueuaJly  a  contoured  map  or  series  of  elevations,  even  perhaps 
a  thiee-dimnsional  terrain  model,  complete  with  mir^tt^  buildings  and  trees* 


MOD  275 


The  at  ft  coiaum  ar  plication  of  aerial  survey  Is  in  the  geographical  and 
geological  fields.    Besides  eliminating  a  Vast  ai&nint  of  tedious  field  work, 
it  is  aoaetiaea  tbi  only  way  of  mapping  aad  analysing  large  and  inaccessible 
areas     Howuver,  st  has  not  yet  completely  supplanted  ground  surveys ,  vhere 
they  *,re  possible.    Apart  frca  this,  tepedtive  surveys  of  inhabited  regions 
are  valuable  in  slowing  the  growth  of  land  developnent,  economics  t  ions  and 
coast  erosion,  particularly  where  buildings  hamper  ground  work,. 

In  the  saae  way,  aerial  survey  is  of  \ise  in  agriculture  an«l  forestry,  to  show 
the  growth  of  crops  and  the  condition  of  lend.    In  ecology  end  botany  it  haa 
proved  its  value  in  showing  the  distribution  of  animal  and  vegetable  life 
and  in  the  treatment  of  pests.    Ber%u*H  tie  surface  of  the  ground,  once  ' 
disturbed,  is  never  the  same  again,  tha  serial  camera  can  be  used  in  archaeology 
.Here  it  can  show  the  tonal  differences  In  soil  or  vegetation  over  buried  ruins 
that  would  be  indistinguishable  by  ground  observation. 

Re      »nces  consulted 


Kraszna-Krausz,  A.  (ed),  The  Focal  Encyclopedia  of  Photography.  "Aerial  Survey" 
and  "Photogranwetry,"  New  York:    McGraw-Hill fl969. 


Deuel',  Leo,  Flight  Into  Yesterday,  New  York:  V^St 


^  Q  '% 


MOD  275 


Activities; 

gleae*;  do  nn  —rl  the  aerial  ihotcgr?vhf  or  topographic  maps, 

1.    Sprad  a  littl*  ti**  to  faalliarlzn  ycuraelf  with  the  photographic  Then 
chooee  a  recognizable  rate  ranee  point        ues  it  zo  -point  out  the  four 
directions,  N,  S>  5,  tf,  on'the  r,hou,  u'.*pi  i. 

2*    Cite  several  examples  to  prove  ch*c  tn*se  phocographn  were  <,,ken  after 
1975. 


a. 

b. 
c. 


3.  rind  the  north  city  boundary  of  Murray,  using  any  data  you  wish.  (No  single 
photograph  show  the  ent<t«  <rea.) 

4#    Make  copies  of  the  four  photos  and  arrange  them  to  produce  a  photo  of  the 
city  of  Murray. 


\ 

\ 

I 

The  topographic  map  may  be  con-.jlttu  f.ir  questions  5-8. 

5.    Using  the  topographic  map,  itnv,  ..  ve  bal  scale  for  tha  photographs.  Let 

one  loch  ba  tha  basic  unit,    i  inch  -    feat.    Deacriba  a  means  of 

tastlag  tha  accuracy  of  your  scale  wh*n  t  is  applied  to  longer  distances  and 
to  curved  distances. 
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6.  .Jj^tit*  t.K*  v:j  icu-t  .'i.ecclms  •  !.m  n  larn^rs  appear  ti-  *<avr  plowed  their 
ficildj  (phi  c^a?  *i<    KY552C044j.      St i  lnf-.rai«.e  explaining  chis. 


7,    State  an  inference  explain*  *g  *rt\y  iV  track  rfppcai  •  white  on 

the    pt«r»cotrapn  KY552C042.  c'  ere  bo  rultl.  initiations? 


9.    Stv.te  and  locate  the  areas  of  highest  and  lowest  relief  on  the  photograph 
of  your  preference. 

Ai%l+3t   5     oweat  „ 
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Rea«l  the  information  references  before  attempting  to  interpret  the  maps. 
Examine  each  tojographic  map  and  answer  the  questions  pertaining  to  it. 

Do  not  make  any  marks  on  topographic  maps . 

Murray  Quadrangle,  Murray,  Kentucky 

1.    Obtain  the  following  data: 

a.  Last  survey  for  this  map  

b.  Scale  (fractional)     

c.  ,  Contour  interval* 


2.  Civo  the  exact  location  of  the  highest  point  in  the  extreme  Northwest 
corner  of  the  Murray  Quadrangle  map.     What  is  its  height? 

3.  How  would  quadrangles  or  North- Dakota  and  Florida,  respectively,  drawn  on 
the  same  scale,  compare  in  total  area  enclosed.    Check  the  proper  space 
below.    Use  a  globe  to  help  you. 

Quadrangles  in  North  Dakota  are  larger  smaller         same  as 

.quadrangles  in  Florida. 

4.  Vfhat  is  the  lowest  contour  shown  in  this  section?  . 


5.    Express  the  approximate  verbal  scale  of  this  quadrangle. 


6.    Why  do  you  suppose  the  tier  numbers  of  the  left  margin  are  different  from 
those  on  the  right  margin? 


7.    How  many  minutes  of  latitude  and  longitude  are  included  in 

this  map? 


8.     Find  Jonathan  Creek  cn  the  Hico  Quadrangle  creek  bed  on  this  map. 


Jonathan  Creek  is  a  "meander ing"  creek.  From  this  information  can  you 
tell  if  it  is  a  relatively  old  or  young  river?  .  Explain. 


9.  "Downstream"  is  defined:  ^'toward  the  direction  of  water  flow."  rind 
contour  lines  that  cross  ^streams  and  notice  that  the  lines  form  a  "V" 
where  they  cross  the  stream.    Determine  whether  the  "V"  points  upstream 

or  downstream.  \  *  Bv  looking  at  a  river  on  the  map,  how  do  you 

know  which  way  it  is  flowiVig?   
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10.    Locate  a  closed  contour  with  hachure  marks, 

a.  What  do  these  marks  signify? 

b.  What  has  caused  these  features? 


Speculate  toward  an  answer  before  proceeding  to  the  next  item. 


11*    How  many  times  larger  is  the  Dyersburg  map. than  the  Murray  Quadrangle 
map?  ,    Show  your  work  below. 


V 
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MOD  276  Percent 

The  purpose  of  this  MOD  is  to  expand  and  reinforce  your  working 
knowledge  of  percent s. 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  tor 

1.  Change  fractions  and  decimals  to  percents. 

2.  Change  percents  to  fractions  and  decimals. 

3.  Solve  word  problems  involving  percents. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Elementary  textbook  series 

2.  Worksheets  t 

3.  A  First  Program  in  Mathematics  by  Heyvood,  pp.  343-410 

*•  First  Course  in  Fundamentals  of  Mathematics  by- Stein,  pp.  177-214 

5.  A  First  Course  in  College  Mathematics  by  Willerding,  pp.  194-237 

PROCEDURE: 

1.  Review  percents  in  one  or  more  of  the  above  references. 

2.  Do  work  sheets  individually .    Then  check  with  your  partner. 

FINAL  ASSESSMENT: 

Prt  *re  to  take  a  written  test. 

'  9 
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^orksheets  on  Percentage 
RULR5 

1.  To  change  a  decimal  to  a  percent,  move  the  decimal  point 
two  places  to  the  right  ami  put  in  a  percent  sign.  For 
example,  .56  ■  56% 

2.  To  change  a  percent  to  a  decimal,  drop  the  percent  sign  and 
move  the  dec'mal  point  two  places  to  the  left.    For  example, 
64%  «  .64 

I.    Fill  in  blanks  beldw. 

Fraction  Decimal  Percent 

3/4        ,  .75  75% 

9/10  '     

65% 
874% 


7/20 


.08 


,063 


1/100 


6.7 


1.89 


251% 


10.2% 


21/25 


I..    Change  each  of  the  following  to  a  fraction  or  mixed  number. 

!•  320%  6.  270% 

2.  7%  7.     1/3  % 

3-  -7%  8.  5% 

4.  .07%  -  9.  98% 

5.  36%  .0405% 

9  nno  MOD  276 
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[II.    Change  each  of  the  following  to  a  percent. 
1.    4/25  6.  15 


2.    2.589  !  7.  1/10 


3.     \h  8-  19/20 


4.     .345  9.     1  ^ 


5.  3/4  10.  4/5 

IV.    Change  each  of  the  following  to  a  decimal. 

1.  2%  6.  1% 

2.  .75%  7.  .5% 

3.  481%  .    .  8.  2.37% 

4.  6.3%  9.  82% 

5.  153%  10.  26% 


Statement:  With  percent  problems^  as  with  any  word  problems,  no  one 
rule  will  cover  every -problem.  However,  one  useful  approach  is  pro- 
portion. When  solving  percent  problems,  write  the  problem  as  a  pro- 
portion in  the  following  way: 

somr  number  (known  as  the  "p.irt")  some  percent 

compares  to   9  compares  to 

some  other  number  (known  as 

the  "base")  100 


r.n<-,  Mo,)  :'7(' 


-4- 


or      some  quantit> 

compares  to  

some  other  quaatity 


the  way 


some  number 
compares  to  100 


For  example:    1.    On  a  certain  test  8  students  gev  a  grade  of  A.  This 

is  25%  of  this  class.    How  many  studen's  are  in  the  class? 


Solution:    JJ      m  25 
N~  100 


800 

32 


25N 
N 


2.  A  car  salesman, works  for  a  6%  monthly  commission.  One 
month  his  sales  are  $14,000.    How  much  does  be  earn? 


Solution: 


N 


14,000 
100N 
N 


100 

-  84,000 

-  840 


Remember:  If  we  know  three  terms  in  a  proportion,  we  can 
find  the  fourth  by  cross  multiplication. 

Work  the  following  practice  problems. 

1.    Mr.  Smith's  commission  is  7%.     If  he  earned  $119  one  week,  what 
did  his  sales  total? 


A  store  is  having  a  sale,  and  all  books  are  being  sold  at  a  25% 
discount.  If  Joan  wants  to  buy  a  book  that  normally  costs  $14, 
what  is  the  discount? 
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3.    There  are  950  students  in  a  certain  school.    If  57  are  absent  one  day, 
what  percent  is  absent? 


4.    A  person  borrows  $150  at  11%  interest  per  vear.    If  nothing  is  paid 
back  the  first  year,  how  much  interest  i      wed  at  the  end  of  th» 
year? 


5.    Joan's  doctor  told  her  that  her  ideal  weight  is  130  pounds.    If  she 
weighs  143  pounds,  what  percent  of  her  ideal  weight  is  she  now? 


6.    A  dealer  buys  a  jacker  for  $20.    She  has  to  sell  it  for  $15.    What  is 
the  percent  loss? 


7.    A  customer  buys  a  refrigerator  at  a  15Z  discount.    What  does  the 
customer  pay  if  the  marked  price  is  $400? 


8.     In  a  certain  test,  8  students  get  A's,  11  get  Bvs,  9  get  Cvs,  and 
4  fail.    What  percent  get  A's?  ^ 


A  box  of  20  light  bulbs  costs  $4.50.    A  laboratory  finds  252  are 
defective.    If  the  4efective  are  worthless  what  is  the  price  of 
each  good  bulb? 


10.    Deane  bought  a  car  for  $2800  and  Hold  it  five  years  later  for  $700. 
What  was  the  percent  decrease  in  price? 
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MOD  277    Transformational  Geometry  (Seminar) 

This  MOD  is  designed  to  give  a  limited  introduction  to  transformational 
geometry  in  the  setting  of  a  seminar.  1 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  Define  transformational  geometry. 

2.  Recognize  and  analyze  rigid,  projective,  and  topological 
transformations. 

3.  Describe  (a)  a  slide  transformation  (b)  a  turn  by  locating  its 
center  and  the  direction  of  the  rotation  (c)  a  flip. 

4.  Use  flips  and  turns  to  analyze  the  symmetries  possessed  by  objects. 

5.  Use  symmetry  to  analyze  shapes. 

INSTRUCTIONAL ' REFERENCES  AND  MATERIALS: 

1.  MMP,  Transformational  Geometry 

2.  MMP  Slide/ tape,  "Overview  of  Transformational  Geometry " 

3.  Ruler,  protractor,  compass,  construction  paper,  scissors,  tracing 
paper,  rectangular  prism 

PROCEDURE:  * 

1.  As  a  group  the  slide/tape  "Overview  of  Transformational  Geometry" 
will  be  viewed. 

2.  In  MMP,  Transformational  Geometry,  the  Instructor  will  lead  in 
discussions  of  Activities  1,  2,  3,  A,  and  5. 

FINAL  ASSESSMENT: 

At  the  conclusion  of  the  seminar,  you  will  have  completed  this  MOD. 
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MOI>  278    Equipment  Construction  for  Elementary  School  Science 
OBJECTIVE: 

k      Given  materials  in  the  Resource  Center  or  materials  readily  available 
from  supermarket  or  hardward  stores,  you  will  construct  a  piece  of  equipment 
useable  in  elementary  school  science.    You  may  find  it  possible  to  correlate 
this  MOD  with  your  teaching  science  MOD. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  The  elementary  science  currirulum  materials  in  the  Resource  Center 

2.  Schmidt  nnd  Rockcastle,  Teaching  Science  with  Everyday  Things  v 

3.  UNESCO  Source  Book  for  Science  TeacKTng 

4.  Resource  books  in  the  Resource  Center  and  the  University  Curriculum 
Library 

5.  Other  materials  readily  available  from  your  surroundings,  from 
supermarket  or  hardware  stores 

FINAL  ASSESSMENT: 

1.  Present  the  equipment  you  build  to  your  instructor,  and  operate  it 
order  to  show  that  it  is  useable. 

2.  A  display  of  the  equipment  will  be  set  up  during  the  first  week  of 
May. 


607 


MOD  278 


-2- 


PROCEDURE: 

You  may  build  two  of  the  items  listed  below  or  items  of  your  own  choice.  In 
the  case  of  the  latter,  your  choice  must  be  approved  by  one  .of  the ^instructors 
before  you  begin  wO  build.    Please  sign  the  sheet  provided  on  the  bulletin 
board  so  that  excessive  duplication  of  equipment  construction  can  be  avoided. 

Examples: 
Balance 

Whirly-bird  (SCIS) 
Stopper-popper  (SCIS) 
Pendulum  support  (ESS) 
Barometer  and  thermometer 
Gallon  jar  terrarium 
Astrolabe  - 
Periscope 
Pinhole  camera 
Electric  motor 
Sextant 

Assortment  of  musical  instruments  (ESS) 
Ant  farm  (using  a  far) 

Tangram  construction  and  set  of  cards  to  accompany  set 

Maze  (mealworms,  rats,  gerbils) 

Lever-pulley  system  (M.A.  of  4  plus) 

Skeleton,  or  parts  of  a  skeleton 

Wind  vane,  anemometer,  and  hygrometer 

Galvanometer 

Circuit  board 

Others.  .  .  _ 

See  the  following  books,  among  others,  for  ideas: 

Schmidt  and  Rockcastle,  Teaching  Science  vith  Everyday  Things 
UNESCO  Source  Book  for  Science  Teaching 
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OBJECTIVES: 


After  making  appropriate  observations  and  measurements  at  two 
different  locations,  one  an  open  area  and  one  a  wooded  area, 
you  will  be  able  to  describe  the  environment  of  the  area  in 
terms  qf  temperature,  soil  moisture,  relative  humidity,  wind 
direction,  and  relative  wind  speeds. 

Using  the  data  collected,  you  will  be  able  to  contrast  different 
environmental  condit^onai^in  an  open  area  and  a  wooded  area -and 
attempt  to  give  reasons  .for  the  differences.  . 
After  consulting  the  references  cited  below,  you  will  be  able 
to  measure  relative  humidity,  wind  direction,  and  wind  speeds. 


INSTRUCTIONAL  REFERENCES  AND  MATERIALS : 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


i 


Sling  psychrometer 
Wind  gauge 
Wind  vane 

Victor,  Edward,  Science  for  the  Elementary  School,  3rd  ed. 
SCIS,  Environments ,  Teacher's  Guide 
SCIS,  Communities,  Teacher's  Guide. 
SCIS,  Ecosystems,  Teacher's  Guide 
SAPA  21,  Weather,  Teajcher's  Guide 

Thermometers,  dowel  rod,  stick,  30  cm  ruler,  meter  stick,  protractor, 
tagboard  or  cardboard!  string,  cooking  oil,  sixteen-  or  eighteen* 
gauge  copper  wire,  nails,  15-cm  piece  of  board,  long  human  ha^r, 
compass,  soil  spade 


FINAL  ASSESSMENT: 


1.  See  objectives  above. 

2.  Bring  neatly -kept  record  sheets. 
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PROCEDURE: 

Find  two  different  testing  sites,  one  in  an  open  field  and  one  in  a  wooded 
area.  Draw  a  nap  with  a  meaningful  key  so  that  the  location  of  the 

two     spots  which  you  cnose  are  quite  apparent  to  the  instructor.    Hake  the 
following  determinations  at  each  of  the  thret  locations  three  times  a  day. 

A.  Record  the  temperature  at  both       locations  In  the  morning,  at  noon, 
and  in  the  evening.    Specify  the  exact  times  on  your  data  sheets,  and  be  sure 
that  the  three  times  are  separated  from  each  other  by  at 'least  3-4  hours. 
Your  data  sheet  on  temperature  will  then  look  as  follows: 

Data  Sheet  on  Temperature 

Location  A: 

Morning:  a)    Air  temperature  (1  m.  up)  ■ 

(Specify  time).     b)    Surface  temperature  • 

c)  Ground  temperature  (3  cm.  Jown)  - 

d)  Sub-soil  temperature  (20  cm.  down)  - 

Noon:  a)  Air  temperature  (1  m.  up)  ■ 

(Specify  time)      b)  Surface  temperature  • 

c)  Ground  temperature  (3  cm.  down)  - 

d)  Sub-soil  temperature  (20  cm.  down)  - 

» 

Evening:  a)  Air  temperature  (1  m.  up)  ■ 

(Specify  time)      b)  Surface  temperature  - 

c)  Ground  temperature  (3  cm.  down)  - 

d)  Sub-soil  temperature  (20, cm.  down)  - 

NOTE:    When  you  take  your  sub-*soil  temperatures,  use  a  dowel  rod  to  make 
the  hole  for  your  measurement. 

B.  Record  the  soil  moisture  by  using  the  following  scale  to  help  you: 

1.  Dry  soil  -  falls  apart  and  sifts  between  fingers 

2.  Slightly  moist  -  appears  moist  but  does  not  stick  together 

when  squeezed  . 

3.  Moist  -  sticks  together  In  a  clump  when  squeezed 

4.  Very  moist  -  water  is  obvious  when  clump  is  squeezed 

5.  Wet  -  water  drips  from  the  clump 

Your  data  jhould  include: 

\        1.    Surface  soil  moisture 

n.^  2.    Ground  soil  moisture  (3  cm.  down) 
3.    Sub-soil  moisture  (20  cm.  down) 
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C.  Wind  Measurements: 

Determine  the  direction  of  the  wi^d  end  the  speed  of  the  wind  &t  both 
locations.    Consider  the  following  questions: 

1.  Where  ere  the  strongest  winds? 

2.  Where  ere  the  weakest  winds? 

3.  Is  the  wind  in  the  sane  location  different  at  different  times  of 
the  day? 

4.  Is  there  more  wind  at  60  cm,  above  the  ground  than  at  15  cm*  above 
the  ground?    Is  there  more  wind  at  2  m.  above  the  ground  than  at 
15  cm.  above  the  ground? 

For  this  activity,  you  may  make  a  wind  gauge  of  your  own  design,  or  you  may 

use  the  one  in  the  laboratory. 

D.  Relative  Humidity: 

Record  the  humidity  at  each  of  the  areas  thres  times  a  day.    You  may 
construct  a  hygrometer  of  your  own  design  if  you  wish  to  do  so,  or 
you  may  use  the  sling  psychrometer  In  the  laboratory. 


E'.  After  collecting  the  data,  students  should  attempt  to  explain  th2 
differences  in  environmental  readings  obtained  at  different  location?. 
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MOD  282    Rat  if    Prof irt ion  and  Percentage 

The  purpose  of  this  MOD  is  to  develop  and  enhance  your  understanding  of 
ratios,  proportion  and  percentage* 

OBJECTIVES:  1 

At  the  conclusion  of  this  MOD  you  should  be  able  to: 

1.  Interpret  fractions  as  ^atios  and  vice  versa 

2.  Solve  ratio  equations 

3.  Use  cross  products  to  find  the  missing  member  of  a  proportion 

4.  Change  fractions  to  decimals  and  then  to  percents  r 

5.  Change  percents  to  decimals  and  then  to  fractions 

6.  Find  a  fraction  or  percent  of  a  number 

7.  Find  percentage  rates  of  increase  or  decrease  of  varying  quantities 

8.  Solve  percent  equations 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Heath  Mathematics  elementary  textbook,  grade  eight,  pp.  162-191. 

2.  A  First  Program  in  Mathematics  by  Heywood,  pp.  343-410. 

3.  Houghton,  Mifflin  Mathematics  elementary  textbook,  gi-de  eight, 
pp.98-114  and  pp.  172-190  and  pp.  270-275 

4.  A  First  Course,in  College  Mathematics  bv  rfillerding,  pp.  194-237 

PROCEDURE:  ?  -L 

1.  Review  ratio,  propor t ion,  fractions,  decimals  and  percents  in 
one  or  more  of  the  references  cited  above. 

2.  Work  the  problems  on  the  accompanying    worksheets.    Do  this 
work  on  your  own.    Then  compare  your  results  witu  those  of  your 
partner  or  another  person  working  on  this  MOD. 

3.  Aftet  completing  the  worksheets . to  your  satisfaction,  prepare     "  % 
for  a  written  examination. 

FINAL  ASSESSMENT: 

Ask  thje  instructor  or  secretary  for  the  test  for  MOD  282. 
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Worksheet 

A  RATIO  compares  two  numbers.    This  may  be  expressed  in  several  ways. 
Supposa  you  are  comparing  five  and  two.    You  may  write  "5  to  2"  or 
"5:2"  or  "5/2."    Each  one  is  read  "the  ratio  of  five  to  two.11 

Express  the  following  ratios  in  terms  described  above. 

1.  The  ratio  of  x  to  3 

2.  The  raticF'of  9  to  36 

3.  Tfie  ratio  of  yellow  sqjjares  to  red  squares 

4.  The  ratio  of  $1  kilograms  to  14  kilograms  f 

5.  The  ratio  of  yoLr  height  (in^pm)  to  your  weight  (in  kg) 

At  PROPORTION  is  an  equation  stating  that  two  ratios  are  equal.  For 
instance,  3/c  ■  6/10  is  a  proportion.     In  this  particular  example  the 
cross  products  are  3  x  10  and  5x6. 


IKS* 
5*^10 

It  is  true  in  this  case  that  3  x  10  ■  5  x  6.     If  a  proportion  is  true, 
then  the  cross  products  are  equal.     Next,  consider  the  proportion  2/9 
=  4/11.     Is  this  proportion  true?    Why  or  why  not?    No*,  because  2  x  11 
^  9  x  4,  is  it?    Using  the  fact  that  cross  product^  are  equal  in  a  true 
proportion,  fiAtf  the  missing  value  in  the  proportions  below.    One  example 
is  completed  for  you. 

*  ** 
1.     3/4  »^12,  3  x  12  -  4x,  so  36  =  4x,  which  means  x  »  9. 
Thus  we  have  3/4  -  9/12. 


A  RATE /is  a  ratio  of  two  quantities,  where  a  "uantity  is  a  number1  of  units, 
not  mert^to  a  number. 

If  a  pevso^  bicycles  23  km  in  one  hour,  his  rate  is  23  km/lhr.  If  another 
a  person  travels  51  Km  in  two  hours,  his  rate  is  51  km/2hr. 

If  a  dozen  doughnuts  cost  $1.30,  then  their  cost  rate  is  12  doughnuts/$l. 30. 

Proportions  may  be  used  to  solve  rate  problems.    For  example  if  one  gallon 
of  paint  will  cover  375  square  feet  of  area,  then  how  many  gallons  are 
needed  to  paint  1800  square  feet?    We  can  answer  this  question  by  setting 
up  a  proportion  as  follows. 

1  gal.  »    x  gal. 

375  sq.  ft.      1800  sq.  ft. 

Next,  solve  far  x  by  finding  the  cross  products,  i.e. 

1  x  1800  -V375x,  so  x  -  1800/375  or  x  *  24/5.    In  other 
Q  w«?rds  2475  or  4  and  4/5  gal.  of  paint  are  needed  to  cover  1800 
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Solve  the  following  rate  problems  using  proportions. 

1.  If  candy  sells  at  the  rat'  of  three  bars  for  50c,  then 
'      how  much  will  20  bars  cost? 


*                   2.     If  Donna  earned  $5.75  for  4  hours  of  babysitting,  then  at  that  rate 
what;,  should  she  charge  for  3  hours  of  ^babysitting?    Round  off  your 
answer  to  the  nearest  Cent.   ^  * 


3.     If  the  speed  limit  is  55  mph  and  you  drive  fc    5  hours  at  the 
speed  limit,  then  how  f^r  will  you  drive  in  d  hours? 


4.     If  Paul  read  56  pages  in  45  minutes,  then  at  that  rate,  how  long 
will  it  take  him  to  read  an  845-page  book? 


To  change  a  fraction  to  a  decimal  simply' divide  the  denominator  into  the 
numerator.    For  instance,  to  change  44/97  to  a  decimal,  divide  97  irto 
44  like  so:      (or  use  a  calculator) 

.4535       to  the  nearest  ten-thousandth 
97 )kk. 0000 
38  8 
5  20 
4  85 
350 

29.  ' 
590 

To  change  a  decimal  to  a  fraction  simply  express  the  decimal  fraction  as 
an  ordinary  fraction  with  numerator  and  denominator,  like  so: 

1.093  =  1093    or  first  think  of  1.093  as  1  and  93/1000 
1000 

and  then  convert  the  mixed  fraction  Ij^jtj  to  1093/1000. 

Another  example  of  this:     .75  =  75/100*  or  in  reduced  terms  .75  =  3/4 

Another  example:     .00059  *  597100,000 

Work  the  problems  listed  on  the  next  page. 
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Change  the  following  fractions  to  decimals. 


1 

1  /  "7 

3/  / 

2. 

3/2 

3 . 

T  /  in  * 

r 

H  . 

c 

C  /  O  A  A 

j/  24U 

c 
0. 

6. 

1/12 

7. 

3/8 

8/ 

1/6 

9. 

2/11 

10. 

235/750 

Change  the  following  <lc".imals  to  fractions. 

1.  0.59 

2.  1.75 

"\  0.^75  i 

4.  0.C032 

5.  1.2 

6.  0.80 

8.  0.»4.<  " 

9.  45.0 
10.  2.49 
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To  change  a  decimal  to  a  percent  simply  move  the  decimal  point  over 
two  places  to  the  right  and  aftach  a  percent  sign.    For  example, 
.29  •  29. Z 

To  change  a  percent  tb  a  decimal  simply  drop  the  percent  sign  and 
move  the  decimal  point  (maybe  not  actually  shown)  two  places  to  the 
right.    For  example,  73%  ■  .73  '  ^ 

Thus  to  change  a  fraction  to  a  percent,  first  change  the  fraction  to 
a  decimal  and  then  change  the  decimal  to  a  percent. 

Vice  versa,  to  change  a  percent  to  a  fraction,  first  change  the  percent 
to  a  decimal  and  then  change  the  decimal  to  the  fraction  form. 

Fill  in  the  blanks  below. 

Fraction                                   Decimal                                 „  Percent 
1/8     : 


5/6 


1,25 


.085  £r 


A8% 


16^% 


0.05 


Now,  let  us  consider  finding  a  fraction  or  percent  of  a  number. 

"1/3  of  a  liter"  "40%  of  the  cars"         "1/2  of  a  mile" 

These  are  all  expressions  like  which  you  have  probably  heard  frequently. 
How  do  you  interpret  them?    For  instance,  1/2  of  $1.00  we  know  to  be  $0.50 
so  1/2  of  (any  quantity)  Is  simply  1/2  times  that  quantity.  Similarly, 
any  fraction  of  a  quantity  is  merely  that  fraction  times  the  quantity,  i.e. 
1/3  of  21  is  1/3  x  21  or  7.    Likewise,  a  percentage  of_  a  quantity  is 
simply  that  percentage  times  the  quantity,  i.e.  40%  o£  1,500  is  the  same  as 
0.40  times  1,500  or  600.    Based  on  these  examples  and  the  above  discussions 
solve  the  exercises  at  the  top  of  the  following  page. 
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1.  5/2  of  18  oz.  is 

2.  9/8  of  7.3  is 


3.  242  of  32  in.  is 

4.  125%  of  91  is 


5.     3/4  of  $59.95  is 


6.    A  gallon  of  a  certain  kind  of  paint  will  cover  425  square  feet.  How 
many  square  feet  will  2/3  of  a. gallon  cover? 


7.     In  a  survey  of  96  employees,  JOX  of  those  surveyed  commute  more  than 
10  miles  to  their  jobs.    H' w  many  workers  live  within  10  miles  of 
their  jobs?  , 


Solving  percent  equations  usually  involves  finding  a  percent  of  a  number. 
For  example,  if  a  company  gives  its  employees  a  13%  raise,  what  raise 
would  an  employee  expect  who  now  earns  $9800  annually?    Here  are  cliree 
ways  of  considering  this  problem. 

n    I3-  of  $9800  "  il_   x  $9800  "  $127* 
}     100  100 

2v     Solve  by  multiplying  by  the  equivalent  decimal. 
;  $9800 
_  .13 


29400 
9100 
$1274jD0 


^    Solve  by  solving  a  proportion. 
12    .  x 
100       9800  - 


lOOx  -  13  x  9800 
lOOx  -  127,400  ; 

x      1274         So  the  raise  will  be  $1274. 


Solve  the  following  problems. 

1.  50%  of  348  is  J  

2.  23%  of  97  is  j 

•3.    8*4%.  of  153  is 


Now  consider  finding  the  number  when  you  know  a  fraction  of  the  number. 
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Suppooe  you  know  that  3/4  of  a  certain  number  is  15.    How  shall  we 
find  the  nuwber?    Call  the  number  "n.M 

3/4    of  n  is  15  or 
(3/4)  n  -  15 
So  4(3/4)  n  -  4(15) 
or    3n  -  60 

Then  n  -  20.    Thus  n  is  20. 

Or  we  could  have  solved  by  multiplying  by  4/3  on 
both  sides  of  the  equation  (3/4)n  =  15,  like  so: 

'  lU)n    -    3    x  15 

So  n  -  60/3  or  20. 
Solve  the  following  problems. 

1.  5/8  of  a  -  25 

« 

2.  If  the  sales  price  of  a  belt  is$4.80  and  the  sales  price  is  2/3  of 
the  regular  price,  how  much  is  the,  regular  price? 


3.    A  campus  club  raised  40%  of  the  money  needed  for  a  club  trip.  If 
the  club  raised  $72,  then  how  much  money  is  needed  for  the  trip? 


We  may  solve  percent  problems  like  the  above  by  setting  up  ratios  also. 
Consider  the  example  at  the  v^ry  top  of  the  page.    We  could  solve  by 
saying    3:4  as  15  :  n  i.e. 

2  .  15 

*4        n  Then  solve  by  cross  products. 

3n  =  60 
and    n  *  20 

Splve  the  three  problems  above  using  ratio  equations,  i.e.  proportions. 
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Another  aspect  of  solving  percent  equations  is  finding  what  percent 
one  number  is  of  another.    For  example,  suppose  in  a  basketball  game 
a  player  makes  14  successful  shots  out  of  39  attempts.    What  percent, 
of  his  shots  did  he  make? 

* 

Method  1)    Using  a  proportion:  Method  2)    14  is  x%  of  39 

14  _   x  So  1)4  *  T7JD  39 


100  14 


39  100 

Find  the  cross  products.  39 

1400  »  39x  35.89  =  x 

1400     35.89  or  about  36% 
39  is  our  answer. 


In  solving  "percent  increase"  or  "percent  decrease"  problems,  first  find 
the  amount  of  increase  or  decrease.    Then  find  the  ratio  of  that  amount 
to  the  original  quantity,  not  necessarily  the  largest  or  the  smallest 
quantity.  For  example,  suppose  Mr.  Nader's  salary  was  $12^400  last  year. 
After  a  raise,  his  salary  was  $14*000/    What  percent  was  his  salary 
increase? 

First,  find  the  amount  of  increase.    This  is  $14,000  -  $12,400  or  $1600. 

1600 

Then  compare  this  amount  to  the  original  salary:  — 
and  convert  this  to  a  percent. 

 1,600  4       or    .1290  (to  the  nea^st  ten- thousandth) 

12,400    "  31 

.which  is  12.9% 

Solve  the  following  problems. 

1.  ,14  is  what  percent  of  35?  N 

2.  38  is  what  percent  of  19? 

3.  A  store  manager  bought  an  item  for  $63.75  and  sold  it  for  $89.00.  What 
was  his  percent  of  "markup"?    Give  the  answer  to  the  nearest  cent. 


4.      Consider  the  table  below.    What  was  thf;  percent  of  decrease  in  the 


population  of  Chicago  between  1950  and  1970? 


City 

Population  in 
1950  1960 

1970 

Detroit 

1,849,568 

1,670,144 

1,513,601 

Chicago 

3,620,962 

3,550,404 

3,369,359 

Los  Angeles 

1,970,358 

2,479,015 

2,809,596 
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MOD  283  Ice  Cubes 

Ezperlnentiug 

OBJECTIVES: 

1.  Given  ice,  freeser,  thermometer,  specified  liquids,  solids*  sad 
containers,  you  will  make  empirical  Investigations  regarding  the 
following  questions: 

a.  Hon  can  you  increase  the  rate  at  which  ice  suits? 

b.  How  can  you  best  preserve  an  ice  cube  without  a  freezer? 

c.  Does  the  shape  of  an  ice  cube  affect  its  rate  of  melting? 

d.  What  happens  when  different'  types  of  solid  objects  are  put 
on  top  of  ice? 

e.  How  cold  can  you  sake  a  saaple  of  water? 

f .  Can  you,  with  water,  produce  a  temperature  lower  than 
water's  f reeling  point?  - 

g.  How  do  the  densities  of  water  and  ice  compare? 

h.  Bow  does  the  'density  of  alcohol  compare  to  %h^i  of  water 
and  of  ice? 

2.  You  will  formulate  at  least  two  good  questions  regarding  the 
phenomena  encountered  in  your  investigations  and  formulate  an 
answer  to  at  least  one  of  your  questions* 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.  ESS,  Ice  Cubes.  Teacher's  Guide 

2.  Freeser,  thermometers,  ice,  weter,  alcohol,  salt,  sugar 

3.  Containers  of  various  sisee  and  shapes,  coins,  tacks,  other 
miscelleneous  smell  solid  items 

FINAL  ASSESSMENT: 

1.  Bring  to  your  instructor  the  record  of  your  investigations,  and 
be  prepared  to  discuss  thai. 

2.  See  objective  2. 
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MOD  284  Heredity,  Part  I 
OBJECTIVES: 


Traits,  Genes,  and  Alleles 


1  Define  and  distinguish  where  possible  between  the  terms:  8ene»  \ 
aileJe,  trait;  doSnant,  partially  dominant,  recessive;  phenotype,  \ 
genovype;  hofcozygL,  heterozygous;,  multiple  alleles;  self  cross,  back 


c r oss  < 
2.    Design  an  experi^t  to  test  whether,  ai  allele  is  dominant  or  re- 

cessive.  -|  j 

INSTRUCTIONAL  REFT  lEtfCES  ANB  MATERIALS: 

\ 

1.  This  MOD 

2.  General  Biology  references  on  Heredat) 

3.  Biology  Media  instructional  material. 

4.  Singer  Caramate. 

•  > 

FINAL  ASSESSMENT:  *  s 

1>    See  objectives  above.  t 
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INTRODUCTION* 

In  1865,  Gregor  Mendel  presented  the  results  of  several  years  of  experi- 
ments in  breeding  pea  plants.    Mendel  had  conducted  his  experiments  in  an  attempt 
to  find  general  rules  that  might  govern  ways  in  which  characteristics  are  passed 
-from  parents  to"  tjieir  progeny  —  rules  that  might  hold  for  all  species.  This 
was  an  ambitious  project,  particularly  since  most  scientists  at  that  time  did 
not  believe  that  such  general  rules  could  exist,  in  view  of  the  apparent  diversity 
of  reproductive  methods. among  different  life  forms..    Nevertheless,  Mendel's 
results  did  lead  to  a  set  of  new  and  unique  concepts.    The  Jiost  basic  of  these 
concepts  was  the  idea  that  there  arc  unit  characteristics  (traits),  each  of 
which  is  controlled  by  its  own  stable  internal  factor  (a  gene).    Equally  important, 
perhaps,  was  the  discovery  that  inheritance  of  these  factors- could  be  analyzed,  T 
described,  and  predicted,  using  mathematical  principles  of  probability  and 
statistics. 

Mendel's  report  was  a  quiet  start  .for  such  a  revolutionary  discovery. 
Mendel  alone  realized  the  importance  of  his  work.    No  other  scientist  appre- 
ciated its  potential.    Even  Mendel  never  learned  how  widel>  his  concepts  might 
apply  to  other  species.    It  was  only  in  1900,  sixteen  years  after  Mendel's 
death,  that  three  scientists  independently  discovered  his  paper,  repeated  his 
work,  and  led  a  host  of  biologists  in  developing  and  extending  his  ideas. 

»  » 
Mendel  developed  his  principles  with  absolutely  no  knowledge  about  the 
'  chemical  basis  on  which  £enes  function.    Now,  even  though  we  know  a  good  deal 
about  the  fchemistry  of  genes,  we  still  find  Mendelian  analysis  of  heredity 
useful  for  predicting  the  results  of  controlled  (and  uncontrolled)  matings. 
Mendelian  principles  are  also  essentia]  for  developing  a  genetic  explanation  for 
\     the  mechanism  of  evolution. 

THE  PURPOSE  OF  THIS  MODULE  IS:     (a)  to  introduce  and  describe  the  Mendelian 
concepts  of  a  gene;     (b)  to  describe  patterns  of  expression  (dominance,  partial 
dominance,  recessiveness)  of  different  forms  (alleles)  of  genes;     (c)  to 
»   describe  the  rules  that  govern  the  inheritance  of  single  genes  in  higher  plants 
and  animals.    But  especially,  this  module  is  designed  to  introduce  the  types 
of  problems  in  genetics  that  Mendelian  analysis  can  solve. 

X 
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"    (T)         KSFSDiry,  PA3C  Z:    TWCT3,  GSSES,  AHD  ALIBIIO  j 

i 

Koct  of  us  take  for  granted  th?  basic  principle  of  l\v  '-dity* 
-vat  an  organi3mis  children  vill  look  very  mich  like  that  o^anita 

p*.-  its  -iete.    @  The  offspring  or?  two  siraffes  will  be  a  £i.rt.ftt<  ! 

£0   o"  two  rhinoceroses  will  be  a  rhinoceros  cub  or  colt  or  wi  i»?vi-.  t*  ; 

®  and  two  redwood  treer  vill  have  another  redwood.  All  :Vi-  • 
^esy  to  -oredAct  when  the  two  paran^  loo/-  t>e  sane.   But       •  ~*p: 

when  the*  parents  are  different/  tfhat  dc  thf  pups  look  liie  v.vsr  : 
Geiran  shepherd  mate*  with  3.  collie?  "Whet  happens  when  c,  ..a..-  i  ■■■  ••  ,  , 
s*  an  cat  mates  with  a  Sites3e?  Is  it  posi/JUO*  to  cross  .t  u.,2.  -  j 
ryej   and  if  so,  what  would  the  res^itinr^ain  look  lis*-'  - 

doesn't  give  U3  good  answers  to  ^uest*on^iikft._taee9.               >  I 

•  A3  complicated  as  tfc*  study  of  here-?.:*//  may  be,  the^  tw\.       -  j 

sirole  roles  that  can  explain  how  may  characteristics  i  :          I  . 

c^er  ere  transmitted  from  generation  to  generation.   It  <o  iov  lur-  -  f 

noc  of  this  module  to  describe  seme  of  "+-hese  rules  and  "c*r  '.h«y  6.rs  , 
used.   Hemenber,  ycu  can  stop  the  tape  at  any  P°l»t  If  you  v*'-  v.£% 

tiaa  tortudV a  slide  or  think  about  2a  idea  that  has  bee.  p-  .sent*.  . 

(5>  Let's  sia^lify  the  problem.  We  will  consider  only  «*•  Jje-  j 
cies^f  organism:   the  coaaon  garden  pea  plant.   T<to  want  to  be  ablo  , 
to  mate  different  strains  of  peas  and  observe  how  their  chtracv**:.*. 
t^eTmix  in  their  offspring.  In  order  to  do  this,  w  Bust  moat  car- 
tiin  conditions:    first,  we  istast  have  characteristics  that  wt  ecu 
easily  see,  measure,  and  use  to  distinguish  one  strain  o*  psa 

I!!  strain  is  either  short  (about  12  inches)  or  tall  £  to  6  feet); 
flower  color  r-  *  particular  strain  has  either,  red  or  white  flower; 
or  seed  shape  -  a  r>articular  strain  has  either  round  or  vriuiaed 
scedsT  These  unit  'characteristics     height,  flower  color,  as* 
shape  -  w  csttid  trails,  notice  that  pea  plants  have  very  many 
traits,  including  oneTthtt  do  not  vary  ffsw  itatlj  to  statin, J-*i 
poTiesion  of  roots,  green  color  of  leaves,  etc. 
will'  find  useful  for  study^,  though,  are  the  onus  that  n*v« 
^vefSas  to  di^ercnt  -trtto,  like  ret'  and  ihita  C»i«-.,  -ft*  + 
or  tall  stems,  etc.  * 
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-  {j)  Second,  we  need  strains- that  cen  be  described  <n  tei-3  'A 
traits:    short  gjaxAs~*L'£*  red  flowers  ?.rc".  round  seeds,  >r  ta.11 
plants  vita  red  flowers  and  wrtiSC/!fi  seeds,  for  instance,   It  1,  es- 
pecially isgjortant  iOr  our  experiaentc  tact  these  origina:*.  «tr 
breed  true"; >  that  is,  thf.t  their  progeny  always  have  the  kMl 
that  they  do. 

Finally,  in  order  to  study  the  inhe. stance  of  traits,  «b  ^ 
•understand  and  be  able  tc  control  the  reproduction  of  the  pe;  »>:Ua»U. 
That  is,  ve  must  be  able  to  mate  differ* -v.  strains  of  peas  nv£.\- 1:" 
which  parents  produced  which  seec>.   Tai-j  ij  easy.   The  oi-gi-s'  -v  re- 
production in  pea  plants  eo*s  their  -flowers.    (§)   Row  I  ate  #  t;- 
give  you  sore  terminology  tc  de'scri'oe  hcv.3exual  reprodtictx.v'-  .(roan, 
in  pea  plants.  It  Is  r.ot  hececsec:-  for  you  to  a^mor:'.:;'-  »"  !  •*. " 

■che  nanes  of  the  "low»r  parts,  'ict  it  ic  important  that  j<  ;  ...a-—, 
stand  vhich  parts  of  the  flover  are  male  and  which  ore  ftawlj  «nd, 
in  aer.^-il,  hew  the  progeny  generation  if  C arsad  at  ferUlitaUc;;, 

The  flower  produces  pollen  grains  that  contain  the  mtl<  srjvwtsa, 
or  spera  cells;   and  ovules  that  contain  +he  female  gams  tee,  or  agg 
-cells.   The  sperm  cells  and  the  egg  cells  contain  all  the  genetic  in- 
formation about  specific  traits  that  the  new  generation  will  inherit. 
Pollen  is  produced  in  tiny  anther  sws  at  the  end  of  the  ataoeaa,  awi 
ovules  are  produced,  in  the  ovary  at  the  base  of  the  pistil.  Vfc«n 
pollen  Is  placed  on  the  end  of  the  pistil,  each  grain  produces  a  ur,i- 
ler.  tube  that  grcw%down  the  pistil  carryJ-^  the  sperm  to  the  ovulsys 
in  the  ovary.  A  pollen  tube  grows  into  ozth  ovule  and  release  the 
spern  which  fertilizes  the  egg  cell  in  that  ovule.  The  product  of 
this  union  of  sperm  and  egg  cells  is  the  zygote,  the  first  esll  ;.f  1 
the^new  progeny  generation.   The  zygote  grows  into  en  embryo,  awl  the 
ovule  with  its  embryo  becoms  a  seed  —  a  pea  seed.  JPaa  sesdt .  whan 
planted,  grow  Into  progeny  plants.   Tit  is  3  isy  to  place  poller. i*ot: 
one  strain  of  peas  on  the  pistil  of  another  strain  by  hand,  xhsn  i'.o- 
late  the  pollinated  pistil  (for  example,  by  tying  a  bag  arouac.  L; x 
so  that  it  cannot  be  repollinated  either  by  itr.;  own  pollen  or  by  '*C.~ 
len  from  another  unknown  strain.   Thus  we  era  control  the 
of  the,  seeds  that  develop. 

(io)  Gregor  Mendel,  who  first  worked  with  peas,  realized. "th.0  • 
theseTactors  are  necessary  for  the  genetic  analccis  of  any  organ. -.mi 


(a)   simple,  distir-gidcha'als  traits  vlth  alternative  forms  la 

different  strains;  *  -  • 

(h)   original  tru-breeding  sereins; 
(c)  aad  ft  controlla^e  system  for  sexual  reproduction. 

Since  -We  have  found  an  experimental  system  that  meets  our  three 
conditions,  we  can  proceed  to  the  first  experiment.  Again,  ve  will 
sinpllfr  the  situation,  this  time  eensiderinp  3\*t  one  trait  ana  ifir 
norSg  whatever  happena  to  the  other  traits.  "Wc  will  start  out  with 
stem  length,  or  height,  of  the  plants. 


UJJ   First  ve  state  a  tall  strain  of  pea*  with  a  short  strain. 
We  do^ais  in  two  nays,   Fira^ve  use  pollen  fmm  the  tall  stra,\r.  tr 
fertilize  the  esg  cells  in  the  ovules  of  the  chort  ■train;  • 
reverse  the.  experiment  and  us?,  the  pollen  fron  -ihe  short  strain  x-i 
fertilize  the  eg*  cells  of  the  tall  strr^n.   In  either  case,  thi. 
rult  is  ihe  same. .  She  seeds  from  this  mating  cOl  grow  lato  tell 
plants.   In  the  second  stage  of 5 our  experiment  we  aate  these  toll 
plants  .the  new  hybrid  generation)  with  each  other.  The  seeds  thoy 
give  in  every  case  grow  into  a  mixture  of  tall  and  short  plan.,-:.  In 
fact,  in  hoth  of  our  experiments,  if  we  look  at  a  large  number  oj  . 
Seeds  of  ttos  third  generation,  we  see  ahout  .three  tall  plants  *o 
every  Short  one. 

Vb&t  conclusions  can  we  draw  from  ttiis  experiment?   Did  male  acd 
female  parents  influence  the  traits  of  tteir  progeny  to  the  scare  de- 
gree? They  must  have,  for  if  they  did  not,  the  two  halves  of  the  ex- 
periment would  have  given  different  res-alts.  Are  the  tall  and  short 
traits  of  equal  weight  in  determining  the  height  of  the  progeny? 
Apparently  not.   For  some  reason,  the  tall  trait  seemc  no  appear  mora 
often  that  the  short  in  the  progeny.  Does  the  short  trait  then  dis- 
appear when  nixed,  with  the  tall  trait?   Sol   A  tall  plant  of  the 
second  generation,  one  of  tfhone  parents  was  short,  can  jaaye  short 
progeny*   That  tall  plant  acr-s  have  -rat&infcd  seas  "memory'  or  Cetor- 
aining  factor  from  i/ai  Short  isseeetor  which  it  could  pass ^ to  its  off- 
spring. H 

(E)  After  making  these  kintU  of  bhservations,  Mendel  devised  a 
schemeto  explain  them.  This-  scheme  was  hypothetical  —  it  did  sot 
•  explain  everything  —  hut  it  had  a  striking  advantage:   if  true,  it 
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prcsised  to  predict  the  progeny  tCart  would  result  from  asat'- -i  r,-.,. 
r — ereii*  Combinations  of  parents  with  varicus  traits.  TlV 
-  ec  going  to  describe  Hendrl's  scbcrw  ar.d  then  diagram  hJ^ 
applies  to  our  experiment  with  tell  and  s>ort  peas._ 

yiy   Sach  single  trait  (eaid  Mendel)  lise  height.  tf?.vr 
or  ieeS  shape  is  determined  by  its  own  si-rJls  gene.    A  gen-  \«  ',c* 

Jtedescribed  factor  inside  tb»  cair*  ftf  - 
, .  TfX  "c"  cex_s  oi  w.io  organ  .sm  that  rmxwarer 

tae  tra.t.    (15)   Traits  vary  because  gene*  determining  t^e-  -wiv 

vary,    _ne  differe.it  foms  of  a  particular  g3ne  are  calls-  ,-<"  *  < 

.••or  instance,  there  are  tsOl  allelesf'oad  short  alleles  e*V~~1.~*J  } 

in  peas  that  controls  height  of  the  pleat,                         '  ~  "  I 


mmZw       ,«  ,r a  T?       ae*  —  oauil°  c  •art8  vita  wo  copier  it 
each    -eia.  its  ^ody  cells.   When  gametes-Are  produced,  a  y^..v. 
dona,  .s  one  copjj  of  each  gsne  to  each  garnet-,   giace  a  2ygo,c  -  toil! 

*  *he  new  generation  —  is  fonsad  by  the  fusion  of  the  maio  &i  f» 
nale  gecetes  at  fertilisation,  it  will  again  have' two  copies  of  iiCh 
ttene.   .-ihenan  adult  producer  gametes,  however,  it  will  give 
jecete  only  one  of  its,  two  copies^  each  gene.  As  I  said  above 
traits  vary  because  genes  vary.    {^.8)   The  expression  of  trait*  '' 


t 


controlled  V  genes.    If  an  organic  has  rvo  alleles  of  the  n 
type  —  xike  two  tall  alleles      it  will  have  that  trait.   B>*t  'f 
te  crganisn  has  two  different  alleles  -  e.g.  one  tall  and  cL  sUcr  -  j 
c=-y  one  allele  is  expressed.   The  organise  has  the  trait  fro*  or-  - 
allele.  .  j 

-  ^  f ,ve  got  *°  Sive  y®*  s«*  vocabulary  and  at  the  samc+ias 
appjy  it  to  our  peas. 

(19)  An  organism's  visible  trait  (for  instancy!^allw  or  "short" ) 
er^ collection  of  traits-ls  called  its  phenoty^  few  An  r-taniai's' 

SSK?!.*  gea!s  15  c£LLe*  itf  gano^ype;    M  Vuse  symbol  to 
describe  the  .genotype.   For  instance 7  the  latte*  "T"  osa  represaxr 

iS.TIJ?*  *??  pianti}  c&:?lta:-  "r  MtaJLl«  tall' 

'S^SJSif1?;  J  th?  iMrt  anclft-  Tn»  the  orgasm  Vs„ 

genotype  or  to  be  hec^-r/rou-  -or  that  particular  riol«."~Kafe^ . 
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„  organic  has  wo ^wSn£?'?  lotion  go«7W^  of 

sUot  in  out  exjetiaerrta.   Jet's  stJ*  \.  „  ltf  w- 

cosier  of  the  im^ff^  *g  ^cTdo^.  or.,  tali  alia,  t 
Ceding  ts-1  ?-ant,  it  ace  -vs alleles  of  ".no 
th.lt  s-te-  SS^Sfe  have  a  8e,o- 

ST*  *  th^'s^H*  tke  for.**  tru.-ta.eoir* 

"(g)   wan  a  tall  plan*  Is  croajed  ^jhort  Jf-*^** 

^7  ,  ,   *ni->  n-  -  p  f»  rjid  one  snort  aLu.e-«      WHO*  £T\ 

geny  nust  have  one  «al-  a — e_e  ^»  «"?  . ,   -Man*  is  tall. 

bar*  rs-a« 

recessive •  *  * 

Q    *  «.  second  <^^*^ 
as  parits,  they  ^^^^^e*  citation,  of  thesa 

allele*,  end  5J»  vith  sh gt^l^e end  genotypes  » 
.  different  saaetes^ rea^tln ^a-ffjrjnt  ^  T  ^  ce^  givea  * 

*    the  progeny.   T  pol^n  ^  VLiw  v-'ch  '*  used  to  fertilize 

a  homozygous  tall  progeny;   *  ?ollen  ^~f~  ^  T  p0llen  -used  to  < 

gives  heterozygous  (tall)  progeny 

H*r  aw  of  these  different *^^£*l£^tri** 
This  is  vhere  the  principle*  ^gJJto^  iSJSiting  our  intuitu 
sUspty  a  oatheaa-ica:.  vay  of  oxpressino  en.,  a^-?  —» 
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beliefs  about  the  ^emood  of ^  ^  HeW^^ 

definition  ^  Pro^ility^  ^^^^t~,  out- 
outcomes,' ve  «cpec*  in  a  lA-,e  num..      /£  tha  "psxtvv- 
com  vil-  actually  occuxl/ntn  of  ^^/J^p^jaent  dot  *» 
bility"  of  any  one  f^joje  18^.    v|v                tails  is  1/?. 
'hing  a  coin  -  the  probability  o£  geJ^^^ ^j^^uy liic^  >ui  - 
Orit  may  be  throwing  a  die.-  (gg    Here       six  *J^$f 

1       +>o  ■rt-^htebilitY  of  any  one  occur^ng  is  l/o.  v^/ 
comes,  so  tae  P1^!^'    Mendel  said  ch*;,  in  a  heterozygovs 
this  to  our  8^tic73^fl4!J^ilrhSS  an  equal  chance  of  b?r*5  . 
.parent,  dominant  and  receive  ^^er  if  one  chooses  * 

incorporated  Into  ga^tes     Stated  ™g^^m„  carrie8  a 
.  g«ete,  the  chance  that jit  ■ carries  -  proWblifty  of  @ 

recessive  allele  is -.equaS-jr  1«J« -  llaL  1/2.  Air--,  ?»- 

. finding  a  gamete  vith  a  ^^^^^^^.J^^v  ^ 

babilit,  of  finding  ********  f^T® 

If  one  aas  to 

fov  possible 

si  le  shows  these: 

one  occurirg  eqc&l?  l/l>.  _ 

plant  (genotype  ^/^^tat^t  ^-£T»3Slllty  of  finding 
The  probability  of  ^^^Sw  1/5  of  the  time.  -So- 

either  genotype  IT  or  £  or  tt^B» esysw  ef  ^dtes 

gfcther  they  occur  3/*  °-  £gze  ^  probability  ;vf  fiaaia« 

one  of  the  three  is  therefore  3/4.    S S-~e  *m  p  ^ 

a  tall  plant,  is  3A,  ™  ^t^Zs  Sor  "  W  »*»  * 
short  plants  in  the  proger-  from  -his  cross. 

vhat  vas  found. 

at  toll  he»  «my  there  "^r.  «t  he.  *jy  ""^.'^SlSnt.'  ^  that 
to  progew,  explained  *«  rotate  e  th£  ^«5»li*orM*"e- 

ve«  »ii «  ^xss.t/*sst *>  I"**** 
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genotypes  of  the  parents  as  z  start,  and  cmtinue  from  there.  Calcu- 
late  the  proportions  of  the  different  Jkeno  ;ypes  and  phenotypes  you 
wofcld  expect  in  the  progeny.   The  liefer  is"  01  the  next  slide.  %  • 


_    Here  it  is.   You  should  txpsct  1/2  short  plants  with  geno- 
type ttrf  and  1/2  tall  plants  with  genotype  Tt  in  the  progeny.  If 
such  a  cross  were  actually  performed,  jand  >.rje  numbers  of  progeny 
scored,  th3  result  really  would  give  close  to  a  one-to-one  ratio  of 
short  to  tall  plants.    This  vould  represent  a  successful  test  of 
Mendel's  hypothesis.    It  is  z.  hack  cross,  because  the  hybrid  was 
sated  with  its  parent  or  a  plant  wi*h  the  r«w  genotype  as  its  parent. 
It  is  also  a  test  cross  because  it  can  *>e  *l:-ed  to  test  whether  the 
tall  plant  is  homozygous  or  he  *erozyr;cur . 

4  Mendel's  explanation  is  also  valt>nhle  became  it  c*n  be 

used  with  many  different  tr?,i;s.    Kendol  h:\r-3i5lf  showed  that  it 
--worked  with  seven  traits  in  pcas»;    reed  shrpe,  seed  coat  color,  socd 
cotyledon  color,  pod  chape,  ;;od  color,  flovey  position,  and  of  coarse 
stem  3--igth  or  height.    ?<jr  each  trci*;  he  identified  wo  alleles, 
found  /hieh  one  was  dcainent.  and  demonstrated  a  three  to  one  ratio 
of  dominant  to  recessive  ph?r~otypes  ir.  the  prcgeny  from  two  hetero - 
zygous  parents. 


Try  this  problem  to  test  your  understanding  of  the  •  fendal- 
ian 'concepts.   Two  pea  plants ?  each  with  green  pods,  are  mated.  Most 
of  the  progeny  have  green  pods,  but  scne  have  yellow  pods.   Are  the 


*   ^   ■  -  — '  —       '  —  J     -  —  -  '  ^  "    ^  "  ^  v< 

progeny  with  yellow  pods  homozygous .  heterozygous,  or  a  mixture  o: 
bo^h?    Here  is  a  hint:    are  the  parrnts  homozygous,  heterologous,  ^ 
a  rlxture?   Turn  off  -he  tape  and  figure  but  the  answer.    The  answer 
is  on  the  next  slide  when  you  are  ready  or  if  you  give  up. 


or 


O.K.    The  parents  must  be  both  heterozygous.    If  they  were 
homozygous  recessive,  then  their  progeny  would  all  have  their  pheno-" 
tvpe.    If  they  were  homozygous,  domirar-  (or  even  if  one  was  homozy- 
gous dominant  and  the  other  heterozygous )  still  their  progeny  would 
all  have  t*tfe  same  phenotype      their  'parents.    Thus  the  parents  nx-st 
both  be  heterozygous.    But  the  parents  have  green  pods,  so  the  plants 
with  yellow  pods  cannot  be  h^rosygous .   They  must  be  homozygous  — 
homozygous  recessive. 


»  1 
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r-„e  very  b.«t?s.rt  about  Vender-  rcher=c  is  that  it  has  nr.-  oca 
'ound'to  arply  not  only  to  pea  plantr  hut  to  assay  other  specie:- 
cr-a.nic=s,"bSt  plant  and  an'^aal.   AT.  you  need  in  order  to  apply  it 
are  the  three  factors  we  originally  sen-icned:    simple  traits,  cru*^ 
breeding  strr.ins  (originally  at  leas-):  and  r.  control^!*  sysvu^w.- 
sexual  reproduction.  '  Cattle  have  been  studied  for  a  ^ong  time. 
renewing"  problems  win  give  you  some  practice  with  cow  genec,^-, 

Q    Assume  you  have  two  -.trains  of  cattle,  one  of  vhifch  i* 
homedf  the  otter  hornless  ("rolled";.    This  difference  is  dv.<-  -o  - 
ningle'gen-  which  has  -wo  alleles.    ::cw  vcvi.d  you  determine  w.-ucc 
alle_e  is  .dominant? 

The  answer?    Sirply  mate  a  homosy^ous  homed  .hull  with  »^f" 
zygous  roiled  cow  (or  vice  v  rsa)  and  ;perve  the  P^notype        i  » 
0~„^  V  it  is  very  i^oortant  that  the  .-mimals  he  hcu-  — 

that  It    true-breeding,   Hhjrt   What  wcmld  you  do  if  you _di>*  . 
tfcafty  jp  stains  were  true-hreeding?    I'll  you  j^;  -;  ';-. 

out  iLer.    @    It  turns  out  -chat  the  pol.oc  allele  is  tar.-.*..., 
the  homed  allele  is  recessive. 

Qh    A  polled  hull  mates  with  a  horned  cow.    One  calf  was  hom-d 
and  ore  was  polled.    V&at  were  the  genotypes  of  the  parents? 
answer  is  on  the  next  slide. 

The  best  way  to  figure  cut  this  problem  is  to  ^  [tf*  * 

genotyoes,  for  parents  and  progeny,  that  you  know.    ^  "nJ,L 
gSitrJdt  is  recessive  and  the  cow  has  horns,  she  cast  be 

r^essive.  genotype  hh.    The  homed  calf  just 
£  w^oty*.   The  bull  and  the  polled,  calf  must  have  at  lsaat  ox  , 
?P^faUsle since  they  botfc.how  the  polled  trait.   The  ^ti,:, 
t£en  is  whether  the  bull  ir.  homozygous  or  betezo«|».  ^T^,. 
is  easv     ©    The  homed  calf  must  have  received  one.  h  slle-o  fa 
£e  Sull  asanas  one  from  the  cow.   Therefore  the  bull r»it 
sess^  "allele.   Tnerefore  he  nar/fi  be  hettrosygous,  genotj^  1*. 


<Q  The  same  bull  mates  with  a  heterozygous  polled  cow.  \ 
is  the  probability  that  their  calf  win  have  horns? 

To  see  the  visv?~  most  easily,  write  the  «sew>tes  free,  both 
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-.a-ents  and  sketch,  a  '-.ousts  like  the  cn*  v?  u-d  for  'peas, 

briy  one  out  <>f  fear  ^oV>ible  c<motyp*<:  in  th"  progery  wilx  givi  .< 

--orned  call-.   Thus  th$  tossibility  of  a  calf  li-.ving  horns  if  1/*. 

<s  the  probability  cf  R  c  ~  ^        I?0":ing  hetero2y ' 

sous""*  The  sruare  shows  "hat  -r.ro- outcomes, out  of  the  four  represent, 
heterozygous  'serotypes:    -he  probability  of  the  calf  being  he  ,*ro- 
zygous  is  th?rciore  2/*'  or  l/£, 

»uc)    so  fa^  ve  have  used  the  saae  key  concepts  to  analyze  b»rc- 
d'ty  in  both  plants  and  animals.    To  summarize,  these  concepts  erf-.  - 

Teletype    different  ^aiie-foras  of  a  tare: 
p>^o  dominate  another:  "in  determining  phcrio 
the"  random  session  ^distribution}      alleles  into  JJ=J'--. 
<*nd  -he  random  combination  of  alleles  in  s«w*«  at  fertilization. 

-r  ff^v^V. before,  those  r  ^  cenerri-  car.  t ?  applied  to  vv.;. 
many  tr-.it:  V.  ?  larn*  number  cf  specier.   Kcrever,  as  you  aii,v 
Sine,  :f  you  look  herd  srxu£i  yotf  cc*  find  exception*  to  sm 
S~e  cc  :«ts.    In  the  las-;  exotic*  of  this  module  .1  aa  goto*  tc 
doscrib   *.  couple  cf  exceptions  which  I  hope  vill  clar-fy,  »t-*^ 
than  confuse,  this  tonic  of  genetic  eatlysis. 


~he  ideas  o_ 
-„'-^  ability  o: 


ore 


First  exception: 


Iter  some  genes  in  some  organisms;  fJJLffles  are  not  necessari  3 
•doaineSt  or  recessive.   Sometimes  the  phenotype,  of  the  ^etsro^o-r 
<s  intermediate  between,  or  a  combination  of.  or  different  from  w» 
-henotypes  of  either  the  homozygous  dominant  or  the  homozygous  r:.y> 
kve  strains.    This  situation  in  called  partial  dom^ance  or  incc- 
rjlete  dominance  of  alleles.    Some  common, examples-  o*  partial  dosa- 
S5ce  are  found  vith  snapdragon  flower  color,  coat  color  in  cattv* 
and  horses,  and  human  blood  types.    In  snapdragons,  one  anele  of  < 
gene  for  flower  color  civ,.  red  flowers;    ^™  Lf 
gene  gives  white  flovnrc .   A  a^rozyjete         ™  SSfLr3 
Sink  flowers i   in  cattle,  one  MJLale  0-  a  gene  for  coat^color  •£* 
"a  radish  coat;    another  allele  of  the  ^eme  ger.e- gives  white,  ifce 
haterozygote  is  roan  colored.    In  humans,  a  person  vith  one  allel. 
for  type  A  blood  and  one  allele  (of  the,  same  C~«ne)  for  -yps  .3  b*o*o 
vill  have  type  AB  blood.  " 

Eov  arc  partial^  dominant  alleles  inherited?  ,  Rpmember  tir* 
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doninant  and  recessive  alleles  are  Inherited,  that  is,  distribute 
togametes  identically.   Aether  -obey  are  expressed  4068  nct  Ju" 
fluence  how  xhey  are  inherited.   Trc  same  pxineipl*  applies  to  p.v- 
tial  dominance.   Tney  are 'liitrihut«-.d  to  gaaetes  Just  likr  drwuiu:.;s 
ant  recessive  alleles.    %    *>tt  can  see  -his  easily  16  the  aiagm? 
of  a  cross  between  two  piS  snapdragons  on  the  slide.   The  symbol* 
that  ve  assign  to  specific  alleles  are  arbitrary  and  so  here  ve  *.A~ 
use  RR'  instead  of  Rr  to  designate  alleles  controlling  flcwr  color 
in  snandxagons.   The  orogeny  hav*  genotypes  in  these  proportion** 
1/U  R?..  1/2  RR*.  ard  lA  3*  R* .    These  can  be  read  directly  as  phcr- 
types:  lA  red,  1/2  pink,  sad  l/U  ^te-   *****  Phenotypes  in  *aao 
proportions  would  you  expect  from  a  cross  between  white  ana  pl.uc 
plants? 

(52)  Here  is  a  more  complicated  problem.    In  a  flock  of  :hicfccrr 
there  are  three  different  feather  colors:    blue,  black,  and  "<  '-i^. 

A  cross  between  blue  and  black  parents  g'.ves  blue  and  blr.c*  c  •i'VJ. 
A  croee  between  blue  and' white  parents  giver:  blue  aad  whit-:         - . 
A  cross  between  black  and  -frite  parents  givoi  only  blue  chicks.  ^ 
Ass  -e  that  there  ere  two  alleles  of  the  feather  color  gene:  *  <r*  v  * 
Vhi  H  phenotypes  (blue,  blr.de,  white)  core  from  homo*ygcvr  -^.0- 
.types?   Which  from  -die  hc-eroaygOue  ganotypes?   Turn  off  the  .*p.i 
and  try  this  problem.    The;  answer. ic  oh  the  next  slide  or/i  lapc 
sequence. 

(53)  H«r-  is  the  ansvsr: '  blue  is  the  phenotype  of  the  hetcr:- 
zygote^  black  and  white  tra  both  phenotypes  from  homoaygous  g^v 
types.    ®$    This  must  be  true  because  only  the  black  and  -to 
cross  give?  a  uniform  color  of  chick.    Vnmm  a  blue  parer.,  £r-v-- 
cipsAes,  there  are  two  colors  of  chicks.    This  indicates  that  c.«* 
blue  parent  must  be  produci=3  two>gemete  sanotypes  aad  therefor 
that  the  blue  chickens  most  be  heterologous. 

Second  exception:  # 

-   There  is  no  reason  why  any  gene  should  have  exactly  two  Mlalai,. 
Kany  genes  -  genes  that  control  traits  that  db  not  vary  fro*.  rt«^ 
.  tVstrain      are  represented  by  only  one  allala.  •  Other  aUale*  ^ 
possible,  but  only  one  is  i^und  ir.  nature.   Probably  only  tart  c*'.  , 
allele,  alleys  the'  orgardea  tc  function .  successfully.   For  v&xy  & 
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—        +™  allies  found  In  nature.  .Each  addition*: 
there  are  acre  than  two  "™  a  new  amerent  fom  of  the 

sr-ss:  area  Sw*^  ^  ■, 

rabbit  sperm  or  egg  cell. 

,     ®   Try  this  problem  o= >  rabbit ^^.^^colo^ 
rabbit  crossed  vith  a  vhite  rahhit^ ga  *  o    -a  •«  of  the 

and  four  full-colored  rabbits.  «*«  «trj  -  •■«»  ,  ,  ^  ^  ?j 

parents?  Turn  off  the  tape  -«d  tea  Jos  a  raw 
to  the  next  segment* 

•^v  *  +v«  ^<t#  T^r-m  >al  to  be  cc.   That  aea\ia 

p)    The  genotype  off  tto  ijdtj  ?^Si?  «  vhlch  uhove^  it 
thatV4  full-color  end  ^^^^1   »1  ienotv  ,  .w 
the  progeny,^  had  to  cong  free  the  o-her  P-  - 
therefore  have  been  Cc  >. 

w  ^^^^^^ 
attics  ll«t  the  «««-a.^,1SS'™^"«u.  for 


n?^  636 


ISMEP 


MOD  285    Heredity,  Parf  II:    Multiple  Genes  and  Chromosomes 


OBJECTIVES: 

X*    Define  and  distinguish  between:    linkage,  recombination,  crossover, 

chiasroa;  linkage  group,  chromosome,  genetic  map;  parental  type,  recomb- 
inant   type.  * 

2.  State  a  physical  explanation  for  recombination  between  genfes  on  the 
same  -chromosome, 

3.  Given  the  genotype  of  a  parent,  describe  the  possible  genotypes  of 
its  gametes,  and  calculate  the  expected  frequency  of  each  gamete 
genotype  (two  unlinked  genes,  or  two  linked  genes). 

4.  Given  the  genotype  of  two  parents,  describe  the  possible  genotypes 
of  their  progeny,  and  calculate  the  probabilities  of  each  genotype's 
occurrence  (two  unlinked  genes,  or  two  linked  genes). 

5.  Identify  two  genes  as  linked  or  unlinked,  given  data  on  appropriate 
genetic  crosses. 

6.  Given  appropriate  genetic  information,  map  the  position  of  three 
linked  genes. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  4 

1.  This  MOD 

2.  General  Biology  references  on  Heredity 

3.  Biology  Media  instructional  materials 

4.  Singer  Caramate 

FINAL  ASSESSMENT:  \  ' 

1.     See  objectives  above. 
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INTRODUCTTON: 

Gregor  Mendel,  in  his  landmark  paper  on  Che  genetic  analysis  of  pea  plants, 
did  more  than  simply  describe  the  heredity  of  single,  simple  traits.  He  also 
performed  and  analyzed  matings  in  which  he  followed  two  or  more  traits  simul- 
taneously. Mendel's  studies  lead  him  to  propose  a  Tather  simple  relationship 
to  explain  the  inheritance  of  multiple  genes.  He  said  that  different  alleles 
of  one  gene  were  inherited  completely  Independently  from  the  alleles  of  any 
other  gene. 

Mendel's  conclusions  were  correct  as  far  as  they  went.    He  had  considered 
oniy  seven  traits  in  peas,  and  those  seven  traits  in  factvdo  depend  on  genes  that 
act  independently  of  one  another.     But  after  the  rediscovery  of  Mendel's  prin- 
ciples* many  pairs  of  traits  in  many    organisms  were  found  that  were  not  in- 
herited independently.    The  exact  pattern  of  inheritance  might  depend  on  which 
pair  of  genes  was  studied,  but  in  general  the  "non-Mendel ian"  pairs  acted  as 
though  they  were  connected  more  or  less  tightly.    These  gene  pairs  were 
called  "linked". 

*       If  Mendel  had  worked  with  connected,  or  "linked",  genes  instead  of  the 
seven  genes  that  be  chose^  he  *night  never  have  deduced  any  orderly  pattern  in 
the  relationship  between  genes.    However,  events  occuring  after  Mendelfs  deport 
laid  the  foundation  for  the  understanding  of  both  independent  pairs  of  genes 
and  linked  pairs  of  genes.    These  events  included  descriptions  of  mitosis  and 
meiosis  analysis  of  diversity  of  insect  chromosomes  ...  work  that  lead  to  Suti:onfs 
suggestion  that  genes  were  carried  by  chromosomes.     Sutton  himself 1  showed  that 
genes,  on  different  chromosomes  would  be  inherited  independently, and  T.  H.  Morgan 
later  pointed  out  that  genes  on  the  same  chromosome  would  show  the  linked  pattern 
of  inheritance. 

f 

Eventually,  studies  by  Morgan  and  his  colleagues  demonstrated  that -linked 
genes  in  Drosophila. fall  Into  four  groups  corresponding  to  the  four  types  of 
chromosomes  in  this  insect,*  and  provided  some  of  the  strongest  evidence  for  the 
proposition  that  genes  are  located  on  chromosomes. 

THE  PURPOSE  OF  THIS  MODULE  IS:     (a)  to  describe  the  inheritance  of  two 
or  more  linked  genes;     (b)  to  describe  the  effect  of  linkage  on  the  inheritance, 
of  two  or  more  genes;  and  (c)  to  show  how  chromosomal  juxtaposition  explains 
the  phenomenon  of  linkage  between  genes. 
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•  *  Q  KBusDrry,  pa?:  ii:  multi?^  ge:sss  jm, chsomosocs 

<2)   -n  the  module  HE53TITY,  PAET  I:  TRAITS,  GEKSsJaHD  ALLEI^li 
we  talked  about  the  inheritance  of  the  alleles  of  single  genes  ... 
like  the  genes  dor  height  cr  for  seed  shape  la  pea  plants, ->nd  the 
gene  for  coar;  cdlor  in  rabbits.    Lookins-at  genes  one  at  a  time  war 
I  useful  wproech  fcfc.  si:  Aifying  the^ncepts  of  inheritance  at  Itw 
Ijeginning/but  it  is  clear  ;hat  if  we  limited  ourselves  fco  con- 
sSering  single  genes,  ve  would  miss  many  of  the  answers!  to  U:*  nost 
interesting  cuestions  or.  heredity.   ©  'or  instance,  we  voiui  rsx 
he  able  to  predict  how  nary  liinds  ef  progeny  would  come  fn^.K. 
parents  that  differ  in  tun,  three,  four,  or  nore  traits.   Ana  • 
would  never  learn  why  some  traits,  like  height  or  hairiness  jt  u-.- 
mans,  vary  so  much  more  ar*  so  much  rvore  gradually  thar.  o'.rcr  ^ 
like  flowor  eclor  in  peas. 

> 

his  module  is  going  to  attack  the  question  of  the  JAcrit*:** 
of  several  Senes  considered  all  at  once.   ;Oso  in  this  and'i-.  v-. 
get  a  bonus:    by  considering  many  £enes  a-rl  the  re-aticne.u^:  a- 
?veen  different  genes,  ®  we  will  obta.x  i  rough  ^salp^aM 
of  genes  -  a  way  oi"  visucJ^zing  them  as  parts  of  chromosomes. 
Again,  remember  you  can  stor,  the  tape  ^»  «y  point  if  you  neec  mm 
time  to  study,  a  slide  or  think  about  an  idaa  that  haa  been  prf.wv.ed. 

6)   First,  let's  start  by  sin?lifying  the  question  as  web  a? 
we  can.  We  will  ask  what  happens  when  we  mate  £3 
exactly  two  traits...  ahd  ^ain  we  wili  start  vith  Mendel's  g^n 
pea  plants.   Let's  look  at  flower  color  and  plant  weight.  Jteaaiawr9 
for  flower- color  the*  are  tvo  alleles  -  one  for  red  and  oMit* 
-  white,  flowers.   The  allele  ::or  red  flowers  is  dominant,  ana  ta« 
allele  for  white  flowers  is  recessive.    Similarly,  for  height  uhera 
are  two  alleles  -  one  for  tall  and  one  for  snort  plants.    The  *Ue2< 
for  tall  plants  is  dominant  over  *he  allele,  for  short  plants. 


Here  ia  our  first  experiment  -  making  a  hybrid  from  two 
different  true-breeding  plants.   We  rate  a  iMVp"  £*a, 
with  red  flowers  vith  a  homozygous  short  pleat  vita  white  t 
Vhat  are  the  genotypes  cf  the  gemotes  fron  +bese  tvo>plaat3.  jaa 
rul*  is,  a  gaae-e  get?  one  f-llele  fr?a  each  gene,   '^kic  is  trac 
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whether  you  ore  watching  or.e,  two.  or  more  jenes. .  (7/  So  g*autc: 
fror  the  tall,  red  plant  carries  one  tall  a&d  Qne  red  alic-l^  The 

gsciete  frci  the  short,  white  plant  carries  one  s^rt  and  one  vh?^3  ( 

allele,    fertilization  combines  these  eaicetes,     BJ   and  t!\,        -rtf  !- 

all  have  TtW  genotypes.   What  are  the  ph?notypes  of  the  pr^v^y?  i 

Vhen  you  renierher  which,  alleles  are  dominant,  you, know  tha;  pre-  ; 
gesy  are  tall  plants  with  red  flowers.   They  look  like  the  ilrst 

parent,  but  they  of  course  are  not  the  sasa  because  they  are  h£Xc*v~  I 

zygous  or  hybrid  for  both  the  height  and  ~he  flower  fcolcr       .3*  -  I 

As  a  matter  of  fact,  since  the  progeny  arc  Irybrid  for  two  s-nes*    (9;  ] 

they  are  called  dihybrids .                                                         T  ' 

The  next  experiment  shows  an  irvterectir.g  fact.   We  Vk 
seae  progeny,  dihyhrid  ^r.M  -ilan:*  ri"ch  vl  flowers,  by  »    "W;  : 
different  set  of  parents,     (Ley    lere  the     rents  are  a  hcv  iyyaruj  j 
-all  plant  with  vhite  fleers,  "and  a  hacosys ous  short  plan  ,  vvth  rwd  * 
flaw*  %s.    £his  is  really  no*  so  .rirpris !:.£..    If  you  stud^  i3*- 
grcsi,  you  see  it  follows  Rurally  from  tne  rules  by  whit*  'gavvc^ 
get  alleles  and  corbine  then  at  fertilization  to  make  progeny.    Zz  ; 
doesn't  ttftter  whether  the  red  allele  censs  with  the  tall  all*!*  ojr  i 
the  short  allele.   The  progeny  that  receives  it  will  havo  red  .  .  « 

flcwerfi. 

Axe  ycu  comfortable  with  these  two  ^xejrples?  (y)  Ycu  *c  \ 
that,  as  long  as  tire  parents  are  hmozygouh  or  true-breeding  ■«.*.:•  g 
tie  genes  bei:^  studied,  predicting  the  serotypes  of  ttie  prc^ny  * 
.trivial,  whether  you  vatch  one  or  aore  tnen  one  gene  at  a  fciai:.  * 


i 


ITcv  ve  coae  to  a  snzch  -sore  interesting  question.    (12/    !<bftc  • 

tappers  vhea  a  dihybrid,  lihe  our  TfVv  pea  plant,  makes  gemote',  j 

Vr.at  genotypes  does  it  2'?r.trfbute  •••h?n  it  ir  icated  with  anotfc-  -  | 

•slant*                                   P    '               ~  i 

.i-  ^  J 

To  find  the  possible  genotypen  cf  the  gametes  from  the  iihytrid  I 

plant,  you  aust  once.jagain1  rezneaber  the  rule:    each  gamete  gets  or^  !, 

allele  of  each  gene.    There  ire  two  choices  of  alleles  frsjs.  "che  x  , 

gene: '  T  .an;Lt;    and  there  are  two^ehoicec  of  alleles  ftrca       v  I 

V  and  v.  '  @    Taken  together,  there  arc  four  different  paps*  ol*  ^ 

genotypes:  TV,  Tw,  tw,  and  tv.  But  vhich  ones  actually  ocscr*  J 
turns  out  that  for  th-ice  -two  genes  all  of  the  possible  genctj>*.*» 
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occur!   Not  a£Ly  that,  but  ell  the  possible  genotypes  are  equally 
probable!    @T  All  four  type;  each  occur  one  fourth  of  the  t\ms. 

.  @    if  this  dihybrid  were  mated  with  another  plant,  jay  one  ^ 
that  was  homozygous  recessive  for  both  genes  (ttww),  a  "test  '^:'jJa~ 
or  "bach  cross",  then  you  would  find  four  typos  of  progeny,  vj:f^ 
corresponding  to  the  four  types  of  gear ~?.s  f^-n  the  dihybrid. 
There  would  be  tall  plants  wit:,  red  flcvirs/tair  plants  with  v£.!*c 
flowers,  short  plants  with  red  flowem,  and  short  plants  with  i.i'".e 
flowers".    If  you  looked  at  er.0v.5h  proper:,-,,  yc*.  *3uld  find  the  re- 
types .in  about  equal  numbers  because  she  four  genotypes  frcaa  ta*  , 
dihybrid  were  equally  likely. 

~      To  be  certain  you  uMerstcfcd  hew  the  syst-aa.  works,  try  thi  • 
problem.    ©    You  mate  two  dihybrid  pea  plar".£,  both  hater.;  v.-  *?. 
for  the"height  and  flower  color  genes..-.  Whit  progeny,  in  wha. 
portions   do  you  expect?    Stop  the  tape  ar.d  fisvre  out  the  ^ 
genotype;  and  the  progeny  genotypes  ar.C.  pherxtypes.   The  ptw  wii. 
be  on. che  next  slide. 

@    Here  it  is.   Did  ycu  set  it  risht?   There  are  fou«  gracfe 
genotypes  from  each  parent  —  the  same  ones  vs  had  las':  time:  tt,  -v 
tV,  and  tw  —  so  that  gives  you  a  dia~ra.Tiatic  Poinett  square  v.U\  .-o 
spaces.   That  represents  16  progeny  genotype:,  each  equally.  Hie"5. 7 
Mcny  of  these  genotypes  ?ive-thc  saae  phenotypez.    There  are  faxr 
phenotyoes  —  the  Same  ones  we  had  la*;-,  tine;    tall/red,  tall/V'.". 
3hor^/red,  and  short/vnite.    Ycu  can  find  the  relative  proporti.-w.- 
of  the  -chenotypes  by-counting  up  the  number  of  genotypes  thft  r-  v. 
ea.ch  phenotype.   You  should'  ccxo  out  **%th  $  -zcJS.  plants  with 
flowers  to  3  short  plants  with  red  flo-ers  to  S  tall  plants  vj  • 
white  flowers  to  1  short  plan';  vith  white  flows rs. 

So  far,  watching  two  genes  has  be-r.  pretty  s&mple,  right x 
Forming  hybrids  from  true-breeding  parcr.ss  is  v:raightfcrwari,  just 
ny>  with  one  gene.   And  finding  the  raaete  genotypes  from  th  re- 
sulting dihybrid  plant  is  not  tco  difficult:   you  just  found  %-hat 
genotypes  were  possible  and  learned  that  they  wre  all  a  quail/  lik* 
2y  zo  occur.    ©    Mendel"  actually  leu-wd  thio  first.    It  we.?  c^i 
of  his  general  principles  for  ernlaining  hsreiity.   We  can  say 
wo  ways:    "the  *30J3ible  genomes  for  gamete?  from  a  dihybrii. 
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parent  are  all  equally-probable 11  or  'ViUcles  from  any  one  ;*ne  cut. 
placed  ir*  gscetes  independently  from  the  alleles  of  any  otiret  £*ac." 
ThisJLs  sometimes  called  Mondel'c  "Lav  of  Independent  AaaortiuMit,1' 

Can  you  extend  this  principle  to  three  genes?   Try  %t  with  the 
gene  for  seed  shape  In  peas*    (gy    $he  symbols  for  the  seed  ihrrs 
alleles  are  R,  for  round,  end  r,  for  vrtoiled.   What  gamete   it:,  v. 
types  would  you  expect  from  a  trihybrld  pea  plant  —  AJP1^  -  h:'Ci..- 
zygous  for  seed  shape  and  height  end  flavor  color?    (2JJ  Oer.ctj 
•RrTtWtf.   Stop  the  tape  and  vork  the  genotypes  out  "before  1oo::?ji& 
the  answer  on  the  next  slide. 

(22)    Okay.    From  a  trihybrld  there  ere  eight  possible  gau^te 
genotypes*   This  is  true  because  there  are  two  choices  of  allies 
for  the  *  first  gene,  two  choices  for  the  second  gene,  and  two  choicer 
for  the  third  gene.   The  total  number  of  chcjjces  can  be  calrolav" 
by  sroltiplying  the  numbers  for  each  gene:    (2^)    (^)(2)(2)  -  t$. 

(If  there  had  been* three  alleles,  that  is,  three  choices,  lor 
the  :irst  gene,  and  twe  choices  for  the  ether  two,  then  tfc'j  f:o:*al 
number  of  gametes  would  have  been  {3)(2)'.S}  *  12.    If  there  h«  a  c^cn 
two  alleles  for  eebh  of   four  genes,  then  *he  total  number  of  di?> 
ferenx  gaaetes  would  have  been  (2)(2)(2)(2)  -  16.    See  the  ays*v*a?) 

o 

©    Now  that  you  know  that  there  are  8  different  garnets  F.eno- 
ty?es  from  the  trihybrld,  the  problem  is  to  find  them.   You  csm  1 
any  system. you  want.    If.  you  look  at  the  list  oil  the  slide,  cay**  c  ' 
you  can  fiffore  out  the  one  I  used.    Once  yov.  know  the  possible  \ 
gacft^e  genotypes,  then  of  course,  accord  Log.  to  MenCel's  prlnc^e, 
9kiCh  "genotype  is  equa^y  likely.  ' 

How  we  come  to  an  extremely  iaportent  pbint.  Jfe  h*ve  talked 
about  the  formation  of  #  pastes  from  dihybrids  and  trihybr^p ,  etc., 
and  we  have  learned  Mendel1  z  jstate^iert  or.  the  subject:    (25/  thr.t 
the  possible  gejaotypes  are  all  equally  probable,  or  that  t£e  alleles 
from  any  one'  gene  are.  placed  in  gasetes  independently  of  allele, 
frca  other  "genes.'  Does  "this  mean  that  all  genes  in  all  organise 
work  this  .way3?   Ufcfortunately,  no!    Zn  the  crganismsl&ich  Vt  haw 
oeen. studying  —  peas,  cows,  rabbits,  chicken,  humans  —  ther^  :jx 
some  .pairs-  of  genes  that  do  follow  Mendel/?* rale.  -And  then  wo^c 
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are  some  pairs  of  genes  that  do  -ot.   Mendel  himself  picked 
genes  in  peas;    ail  pairs  of  which  do  follow  the  rule;   do  lU^i-' 
bute  into  gametes  independently  o:?  ere  onc^hsr.    It  was  a  "good 
thin©  fcr  his  peace  of  nind.    If  he  had  ?:.cxed  another  set.  fcc 
might  have  b»sn  hopelessly  confused. 

When  a  pair  of  genes  does  follow  Mendelfs  rule,    &  wr.in 
the  alleles  do  distribute* into  gametes  independently,  th\  .  si'v^ea 
are  called  unlinked.   When  all  the  four  possible  genotypes  of  gar.-  to* 
from  a  parent  heterozygous  for.  two  genes  occur  with  equal  probAbil: 
ties  or  frequencies,  then  tiv?  two  jenes  are  unlinked. 


W    ^  for  som-  pairs  -:  genes,  two  of  tha  four  possible 
gamete  genotypes  occur  mor.2  ct^ten  Jam  tfc?  other  two.    That  \r , 
four  possible  genotypes  are  not  equally  p:.  obeble .    The  two  i;eres" 
not  sees  to  distribute  thrir  alleles  tc  •?«sme+*s  independer-t  I,-  <-f 
each  other,    Inetead,  two  pcirs  of  alleles  tend  to  move  into  graves 
togetr  r.   When  this  occur::,  the  tvo  genes  ara  said  to  be  lmV.rt. 
When    ?rtain  genotypes  of  gcaste's  frc-.  a  -arent  heterozygci^1?"  ewe 
genes  occur  more  often  thar.  the  other  genoiysss,  then  the  u»  :*n*a 
are  linked.  N 

Sometimes,  for  #ome  pairs  of  genes,  t-.ro  gamete  genotypes  ocnjp 
all  the  time;    the  o;her  two  possible  genc;ypes  never  occur.    The  • 
the  genes  are  "tightly*  linked,  or  "closely"  linkedT'or  "co=pletvl< " 
linked.    Sometimes,  for  other  paire  of  gercs.  two  of  the  gamete 
genotypes  occur,  not  all  the  tixue,  but     b-..  .'ore  often  then  the 
other  two  genotypes.    Then  the  gene?,  are  ''loc:»ly"  linked,  o~  '  n-cia- 
plotely"  linked. 


Here  is  an  example  of  linked  genes  in  -ceas.    @    The  gerps 
are  for  seed  shape'  (F  «  round;  r  -  wrinkled)  and  for^ possession  of 
tgndriis  (TK  «  tendrilr  present;    tn     tend-illess).  "  @    A  plutf. 
QO)    heterozygous  for  the  two  genes  was  ma.*!  vith  a  -olant  hooozy- 
gous  recessive  for  both  genes..  The  dihybrid  produced  *  only  two  jAnds 
of  gametes  —  not  the  four  equally- frequent  kinos  of  gametes  you'd 
expect  if  the  genes  were  unlinked.    You  know  the  dihybrid  produced 
only  two  kinds  'of  gametes  because  ther*  were  only  two  kinds  of  pro- 
geny produced*   tendrilled  plants  with  rev..,,  seeds,  and  ttadriU«.v 
plants  with  wrinkled  reeds.    Since  the  dihy  r:.d  gave  only  tv."-  ^x'hs: 
of  gametes,  the  r.er.rs  r^s:,  be  linked.  '  .  '  ' 
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Hcr*  are  you  supposed  to  know  rhether  a  pair  of  g*nes  will 
"be  unlinked,  -jtightly  linked,  or  loosely  linked?  There  is  way  to 
tell  free  Just  >ncwing  whax  the  traits  controlled  ^  'lie  two  genes 
are.  The  only  way  to  find  out  is  to  do  the  appropriate  experir/ieni: 
to  sate  an  individual  whe  is  heterozygous  for  the  two  genes  you  are 
concerned  with,  and  find  out  from  the  progeny  what  kinds  of  gametes 
it  produces. 

LDoes  it  seem  to  you  that  this"  topic  o:?  the  inheritance  of  mul  • 
genes  has  all  of'  c  sudden  gotten  out  of  hand?   Does  it  e?em 
that  a  sickle  role  like  Mendel1  s  right  ^e  useful,  but  that'  all  the 
exceptions      the  linked  genes  —  sake  *:he  subject  incomprehensible? 
I  don't  blaae^ycu  if  it  doss.   What  you  reed  is  a  picture  of  genes, 
a  visual  isage  ,  soraethiTig  *o  help  you  straighten  out  the  difference 
between  linked  cxd  unlinked  gener ,  let  you  keep  different  alleles  of 
the  sane  feene  in  order,    fortunately,  I  car.  now  give  you  a  pic1' j-e 
4 that  will  not  only  help  you  figure  out  csnetics  problems,  but  that 
also  is  fairly  accurate  ...  that  will  tell  you  wrlat  gene3  (or  at 
le?  t  the  carriers  of  senes ) '  reeJLly  look  «ike  in  the  cell* 


The  organelles  that  carry  gene  3  vithin  the  cell  are  the 
chromosomes.    You  have  seen  descriptions  of  chromosomes  in  the  cell 
cycle  modules.   They  are  usually  long,  t>\r  bodies  with  a  constricted 
place,  the  centromere,  in  the  center  or  at  one  end.    They  are  ia  the 
They  are  visibieuas  discrete  structures  only  around  the 


nucleus.      »wj  *y 
tire  of  cell  division.  35 


There  are  two  chromosomes  of  erch  type 


in  each  cell  of  every  adult  (either  parent^r  progeny  generation) - 
The  two  chroaoior.es,  or  pair  of  chromosomes  of  one  type,  are  called 
homologous.    These  two  chromosomes  of  the  3ame  type  correspond  to 
the  no  copies  of  each  gene  that  arc  found  in  the  adult. 

^)    We  might  s~ar"  to  diagram  a  pea  plant  cell  by  showing  5u«t 
the  two  chromosomes  that  >oth  carry  the  gene  t<Sr  height.    If  the 
plart  were  heterozygous,  one  chror^srae  would  carry  a  tall  *01ele 
and  the  other  would  carry  r.  short  allele. 


If  you  have  is*" 
the  chrcnosomes  a: 
cell  division, 
cell  di'rLsion 


ed  Mitosis  a^.c.  Meiosis,  you  know  how  regular  J." 
tributed  to  daughter  cells  in  the  course  or; 
In  mitosis  —  this  :1s  the  regular,  everyday 
occurs  in  body  cells  t>rvt  ars  not  going  to  become 
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gametes  —  the  chromosomes  are  "reproduced  and  then  divided  so  that 
each  daughter  cell  canes  out  with  one  copy  of  every  single  ..chromo- 
some.   That  is,  each  daughter- cell  has  the  same  number  a*id.  the  sane 
type  of  chromosomes  that  its  mother  cell  had.    If  you  think  about 
this,  you'll  see  that  this  explains  vhy  every  cell  has  the  same  two 
copies  oJ  every  gene;   why,  for  instance,  every  cell  in  our  pea  plant 
is  heterozygous  for  height. 

There  is  only  one  chromosome  of  each  type  in  a^gamete^  just  as 
chere  is  only  one  copy  of  each  gene  in  a  gamete,    (^o)    This  is 
possible  because  meiosis  —  the  type  of  cell  division  involved  in 
the  formation  of  gametes  —  separates  the  two  chromosomes  of  each 
type,  and  places  only  one  in  each  daughter  cell.    Each  daughter  cell 
has  half  the  number  of  chromosomes  that  its  mother  cell  had.  Since 
each  gamete  gets  only  one  chromosome  of  each  type,  it  also  only  gets 
one  copy  of  the  gene  that  that  chromes 05^  carries.    Half  the  gametes 
from  our  heterozygous  pea  plant  would  gerfthe  chromosome  with  the 
t  .11  allel#  for  height;   half  would  get  the  chromosome  with  the 
saort  allele. 

Now,  so  far  we  have  diagrammed  the  pea  plant  cell  as  having 
only  two  chromosomes,  but  actually  it  has  many  more.    Qf)    This  is 
an  important  point,  because  genes  on  different  -pairs  of  chrcsosores 
are  ur^^ked.   When  the  two  copies  of  one  gene  are  carried  by  one 
pal-pf  chromosomes  (one  pair  of  the-serje  type),  and  the  two  copies 
of  the  other  gene  are  carried  by  another  pair  of  chromosomes,  the 
genes  are  unlinked.   As  an  example,  in  our  pea  plant,    (33)  the 
genes  for  height  and  for  flower  color  were  unlinked.    Now  we  will 
diagram  the  p$a  plant  cell  with  two  pairs  of  chromosomes:    one  pair 
(the  first  pair)  carrying  the  gene  for  height,  and  the  other  pair 
carrying  the  gene  for  flower  color.   Actually,  peas  have  seven  pairs 
of  chromosomes,  but  ve  prefer  to  keep  the  other  chromosomes  in  the 
background  to  simplify  the  diagram. 

. !     (|^)    You  already  know  that  at  meiosis,  when  gametes  are  formed, 
tie  two  chromosomes  of  a  giyen  type  separate  •  \  •  each  goes  to  a 
different  gamete.   You  can  also  tell  from  this  diagram  that  differed 
pairs  of  chromosomes  seem  quite  separav?,  quite  independent.  It 
Xpuldn't  surprise  you  to  learn  that  tta^way  the  first  pair  of  chromo- 
aojaes  separates  at  meiosis  does  not  affect  the  way  the  second  pair 


f  chro-.osones  separates.  ~ 

^elor" height,  then  «  S^SHS 
•^.r^^gSc  to  height  have  no  influence  on  the  chr.no- 

;:!:  .rvit-    ?«*  for  n*n*  ooior.  you  J 

"-' I-  .  :.  ..         -  vith  w  --  In  the  upper  «r«l        ■  >•  

•••v'-'  ".:  r<  "m  •-•ay".    The  llrr.t  way  «!.'.  so.'.-v..-.  « 

^^UUes  at  the  beginning  of  every  r.e.osiM    «»  «*y 

 ;,C"~CSil     Ect  notice  that  the  first  vay  gives  two  ga- 

jfV?  tnVr..»n*  vay  gives  two  other  gasete 

t;.T5»b«  of  miotic  cell  ^Jions,  so»  going 

s_j  g!Jir«  the  second  way,  you  wouKi  find  all  ttur  »us» 
•J  —  s —   .11  .maliv  freouent.    It  seems  very  reasonable,  aoe__  t. 
f^^'U.^lSSS^S'-  heir*  carried  by  different  types  o. 


-k-y,  our  chromosome  model  explains  the  ^^^f^ 
w.f£iity  veil.    How  about  linked  (?enes?    Qt9>  chro- 
-"-I  the  answer  already.    Urigdjgm-;  nrn  ™  Ites  fc 

S^.    Consider  our  pea  P^-^^ 

SSTihK*  and  possession  of  tendrils.    ™  a^aliele8  for  these 

-o-o- ,  are  or.  one  chromosome.    The  otner  ™°  *\  *wo  alleles 

, — ise  that  those  two  alleles  —  say  *ne  in  « 
^  Seagram  -  cane  from  one  parent  originally,  and  1. .  the  n-£ 
^-H^Sy  will  oe  placed  in  another  gamete  +--gether.  - 
±f  rS'   showl  a  Miotic  division  from  this  pea  plMft  vU-  t-j  two 
that  are  formed:    two  types  of  g^}^*^ 
■:^"r?d  raSer  -an  the  four  types  ve  got  xn  the  ^gnt/flower  c£ 
^,=rii  exastue  above.   We  said  before  that  if y<* ^J*^. ^ 

SLWS  r^'SfSTS.  separation 
cf  cr.e  ^air  of  chromosomes  at  miosis. 

Of  course ,  there  cost  he  lots  of  ^»»*^*£F5i 
—  SSr.Si.-SS  SsT^f ^reVre^oflal^ 

v 
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linked  jenes  for  every  chrQmosome  type.    For  instance    th<»  „>™ 

X\tlT8  the  TN  - R  -ef^° Skssr 

^it^ai* certain  you  — 

sour  ^  «f  "Ct^  pelplant  is  a  trihybrid  ...  that  is,  heterczv- 
5£r^  flower  color,  seed  ahar*.  and  possesion  ,? 

.>.«.  ::rst  ic  unlinks  t.o  tho  o!W-  two  bu- 

:C:  .°rf  ^tes»      what  proportions  vo;U^  you  erer 

:•  ''r*at  WOuld  be  their-  genotypes?    S  top  the  tape  an<\-^~tc 

£-2?  ^es  of  the  ?Qmetes  ^ the  reiat^e  p^?o«io^ 

— —  -xpect.    The  answer  is  on  the  next  slide. 


Mere  it  is.    You  expect  four  different  tvses  irar*--* 
and  *vo  cnoices  for  the  second  chromosome.    Since  one  of 

-%TSSS  °^S"  nCS'  r  d°n,t  get  -Pa-S  ceho°JceeS°ff;;e 

!vfi     •  *  ,?'e  P°sslble  genotypes  are  WtnR,  WTNr.  vtnS,  and  v-fr 

;2L     e?pear  in  about  equal  TO^i*" ...  S  tr,  l£{ 

®  .  Allc*her  organism  hybrid  for  three  genes  (Aa3bCc)  -reduced 

'^c?^  r-!^  °^th-6  Slide'    Which  of  th*  ^  are  ikel? 

W1L  0x  ~  *e  adul4:  organise.  *~  ^„  xV         ^  — 

sequence.  ■   6a  il>  on  the  cext 


and  look 
tie  sarx 
one  a  He 
'this  way 
A  aivay3 
are  link 


Tha  diag: 
and  gene 


answer  this  -question,  you  inspect  the  penes  tve  at  a  f 
for  patterns.    Does  one  allele  of  ,~cno  A  tivavs  * 
a^iele  of  gene  3?    With  a  certain  all-le  c*  g»—  - 
le  of  0er.e  5  appear  with  only  one  allele  o"*ce-e~">* 
',  tr.e  question  is  easy  tc  ansvar.    'Jhe  dozirir.t  ali-'e" 
appears  with  the  recessive  allele  of  -    so  se-e«  A  az.- 
■i.    Kove-er,  the  dominant  aL.eie  of  a"  .poet-  W  v3* 
and  recessive  alleles  of  C,  ro  A  «.d  C  are  rot  ritki* 
-an  wius^ehovs  genes  A  and  B  cn  cne  tyoe  of  ch-c~o«— *' 
C  on  another  type  of  chromosome  pair. 


•ces 
er. 


pair 
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A  final  question.    What  if  the  difference  between  the  tvr 
pea  plant  cell.-  shro.  on  this  r.lidc?    Jid  they  coae  fron  the  raise 
plan*;?    If  not,  v.;at  ic  the  difference  between  the  two  plants?  Stop 
the  tape  and  try  to  answer  these  Questions  before  looking  at  the 
answers  on  the  next  slide. 

The  answer  to  this  question  ir  interesting  because  it  shews  a 
nev  way  in  which  an  individual's  phcro-;-pe  may  not  reveal  Ms  geno- 
type or  ancestry.    The  two  cells  cone  fret  a  plant  or  plants  vl r.h 
exactly  the  sar^  pher.ctype:    the  pher.ot^-o*  of  having  tandrils  and 
:und  seeds-    The  plant  or  plants  would  'o  heterozygous  for  V.th 


ether,  the  dominant  alleles  are  on  different  chroir.osoxei  . 
fore,    the  two  ceils  must  have  cdjic  Iron?  different  plant 
ana  these  two  plant  r,  murt  have  had  different  parents.    Here  ir  * 
slice  showing  the  genotypes  of  the  >?.T»nzz  of  th<;  two  pi?.:  tc . 

As  I  said,  the  two  plants  discussed  in  this  last  pro\£?.«  had 
exactly  the  saa*  phenotype,  and  in  a  way,  the  same  genotype.  2uc 
the  two  plants  would  really  differ  in  the  way  they  passe<Lalleles 
to  progeny  ...  that  is,  in  the  gametes  they  produced.     @  One 
plant  would  cake  primarily  gametes  with  the  genotypes  TNR  and  tnr; 
the  other  pj^nt  would  ciake  primf.rily  £^c  ;ec  with  the  genotypes  TNr 
and  tnR.    \$y    Combinations  of  alleles  that  are  associated  on  the 
sa=^  chrozxsczses  are  called  "parental"  combinations.    For  instance, 
for  the  first  plant,  the  parental  comhirv.tions  of  alleles  ai-e  TSB  '  . 
at?,  tnr.    ?or  the  second  plant,  ohe  pa*mal  combinations  are  TNr 
and  tn?..  Srsetir.es  it  is  useful  to  be/able  to  give  the  i>arental 
combinations  of  alleles  in  %  dihybrid,  so^eneticists  have  developed 
a  system  cf  notation  th?.t  can  do  thts.    @     Instead  of  indicating 
the  genotype  by  simply  listing  the  '..Melc-,  they  indicate  the  geno- 
type by  drawing  a  *ort  of  :J.agran  cf  ,l;e  chromosomes.    Alleles  that 
are  on  one  chrofcosome  ar?  on  the  top  of  the  double  line:    those  cp 
the  other  are  on  the  bottom.    The  alleles  for  any  one  geno  ere  lined 
up  vertically.    If  there  i?  more  th^n  or"  chromosome  involvoc,  thev 
draw  separate  double  line?. 


_     f  o  far,  we  have  seen  the  meiotic  division  of  one  chr^v^ 
iome  as  a  pre  joss  that  would  produce  only  tv-*>  t,ty:e  of  gamete-*,  o  ■1y 
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lo.Cs.ed 


gametes  that  ?csse?f  parental  combinations  of  alleles.  I« 
th'svay   thp  cV-omcsone  rcdel  explain"  the  inheritance  oi  tJfc.  .l> 
l'nked  ger.cs  Just  as  well  as  the  irheritcr.ce  of  unlinked  gcr.es. 
But  in  the  first  section  of  this  module,  I  mentioned  tha£  Xr.ereji 
a  thi-d  possible  relationship  between  ^cne  pairs  ...  *'Va»  !->., 

loose  linage.    Individuals  that  are  dlhybrid  for  loosely  Ji:Jc*a 
i-nes  produce  four  gamete  genotypes,  but  two  of  these  gamete  s^o- 
tyoes  a-e  producer,  more  frequently  thar.  the  other  two.    This  slid'-, 
a  repeat  of  cne  vou  saw  earlier,  shows  that  loose  linkage  seem* 
intermediate  between  tipiht  linkage  and  r~  linkage  at  all.    But  3t 
^rst  glance  this  doesn't  sake  sense:    genes  are. either  on  the  se-e 
chromosome  or  on  different  chromosomes.    How  can  there  be^er  «~ 
mediate  state?    Zie  chrono-Jcme  model  rr.vrt  explain  this  s<*-.a*._.-:  1, 
it  is  to  be  really  useful. 

rt  turns  <out  that  the  explanation  for  loose  linkage  if  too 
di     cult      (55)    Loosely  linked  pairs  _of  r.-r.es  are  on  ;.he  :  *r».J_*_£ 
of  chromosomes;  just  as  art,  tightly  -Jwd  pairs  of  g<;r..r.    'i  "  •  c 
ference  comes  from  this  fact:    it  is  porsible  dur-ng  mei^I* 
chromosomes  'two  homologous  chromosor.es  of  the  same  pair   to  exchange 
alleles.    6§)    When  this  is  done,  the  chromosomes  lose  -the  Portal 
combination  of  alleles  and  carry  a  new  combination  of  alleles, called 
a  recombinant  combination,  into  the  gasrtcs.    The  parental  caMsa- 
tions  of  alleles  are  still  most  frequ/r.t  and  represent  the  two  v>pes 
o*  gametes  that  occur  nos*  ofter..    Th*  recombinant  combinat  .onr  or 
aUeles  represent  the  two  types  of        V;r.  that  occur  leart  c  .er. 
(pT  ?he  slide  shows  the  Rvsreary  of  nolo  vie  processes  lor  \  :f  ■  -*u  < 
V?ll  heterozygous  for  two  genes:    AaB'c,  o:  A3.  I 

a  5 

In  most  meioses,  there  is  no  exchange  between  the  Ch^xsmi,  j 
and  the  gametes  hav:-  parental  cmbirAtiot'.,  of  alleles.    Ir  v,ss  | 
me-'oses.  tvere  is  exshtr/w  between  the  enr-omosomes,  ard  the  g*=etea  i 
have  recombinant  combinations  o*  allele-..    In  the  lower  sequence  or. 
this  slide,  one  chromatid  of  the  to?  chro'.osome  and  one  cr-cauj* 
of  the  bottom  chromosome  hr.ve  ey  changed  a:ieles  of  the  B  geie 

Let's  talk  about  the  process  of  ellr.e  exchange  a  15 isle  b?i<*  •* 
*e  go  oack  to  thj»  difference  between  t  -r.3y  linked  and  loose-y 
linked  genes.     @    The  exchange  of  a--- -cs  ir  a  real,  jjfcyjU-J  pro- 
cess  which  we  can  ree  in  a  microscope  V  -n  w.-„tcr.  cells  Jr.   U*  «•-  i  ^ 
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stage  of  meiosis.    in  the  first  stage  of  meiosis  each  pair  of  chro- 
mosomes of  the  same  type  physically  come  together  and  line  up  so 
that  they  lie  alongside  each  other.    This  is  called  synapsis, 
piile  the  two  chromosomes  are  in  synapsis,  they  can  touch,  both 
break  at  the  point  of  touching,  and  reform  -with  an  exchange  of  ends. 
The  point  of  touching  is  called  a  chlasma  (cross).    It  is  not  pos- 
sible to  see  the  breaking  and  rejoining,  but  it  is  easy  to  prove 
that  it  has  occurred  by  labeling  one  of  the  chromosomes  with  a  radio- 
active tag.     (£2)    This  slide  shows  chromosomes  that  have  undergone 
exchange  of  parts,  although  in  this  particular  case  -he  exchange  did 
14 ' ----       -c-iocic.    (There  is  a  complication  you  ::ay  Xr.cv  xl-cu* . 

2*:tsii,  tv.f.  th/ ',~vconb  htxo  two  identical  yio^s,  tlx  -.v.*  .••>.-;»*- 
tiis;    zc  the  chroma pair  has  four  strands,  any  of  which  ma;- 
exchange  parts.    I'r.  going  to  ignore  this  right  now,  because  it  does 
not  affect  the  points  I  want  to  make . ) 

-cv»  back  tp^the  difference  between  tightly  linked  and  loosely 
genes '     &    Chiasmata,  or  crossovers,  that  lead  to  exchange 
cf  chromosome  parts  do  not  occur  too  often.    For  instance,  there 
are  cn  the  average  four  crossovers  in  the  Drosophila  (or  fruitfly' 
X  ,sex)  chromosome  during  a  meio+ic  division.    The  places  where 
crossovers  occur  are  random.    Exchange  of  alleles  ...  that  is,  the 
formation  cf  recombinant  combinations  of  alleles  of  two  geaes, 
occurs  only  if  the  crossover  is  between  the  two  genes.    \@  All 
this  means  that,  when  two  genes  are  close  together,  the  chance  of 
finding  recombinant  combinations  of  their  alleles  is  small,  and  the 
genes  will  be  called  tightly  or  closely  linked.    ©    When  two  genes 
are  far  apart,  the  cr.aice  of  finding  recombinant  combinations  of 
their  alleges  is  greatev.  and  the  genes  will  be  called  loosely 
linked.     ^63)    This  diagram  shows  three  genes  on  one  chromoscoe. 
^r.e  A  is  lar  from  csr.es  B  and  C:    genes  3  and  C  are  close  together. 

Without  crossover,  we  find  the  parental  combinations  of  alleles: 
f*33        a-c-    It  is  easy  as  ABC  to  see  thvt  nost  crossovers  -rill  be 
be-«reen  genes  A  and  3.    In  this  case,  there  will  be  recombinations 
of  A  and  3  and  of  A  and  C  alleles,  out  no  recombinations  of  B  and  C 
alleles.    Crossovers  between  genes  B  and  0  will,  be  much  less  likely, 
but  if  and  when  they  occur,  there  vill  be  recombination  between  B 
and  C  alleles,  and  recombinations  between  A  and  C  alleles,  but  no 
recombinations  between  A  and  ^  \ 
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;     In  practice,  we  usually  ure  this  relationship  backwards:  the 
number  of  recombinant  types  of  gamete,  formed  J^^J^g^  the 
tvo  ffenes  ar».    "he  ncre  recomoir'^nt  conoinations  of  alleles,  -ne 
father  Lart  the  genes.   The  geneticists  over,  have  of  quanti- 

mating  the  distance  between  genes  by  using  this  relationship.  W 
If       recombinant  genotypes  in  the  gametes  are  1*  of  the  total  num- 
ber of  garner,  then  the  tvo  gaes  concerned  are  1  nap  uni.  or 
^co^inaticn'unif  apart.    1g>    If  the  re coabina^t  genotypes  «e 
n£  of  the  gametes,  then  the  two  genes  are  n  map  units  apart. 

•'      I  vant  to  show  you  an  example  in  which  a  mating  experinent  is 
used  ^asura  the  distance  between  gene,.  I 
fefl    One  of  the  genes  I  am  interested  ir.  is  a  gene  for  body  color, 
fony     Tne  receive  allele  for  this  gen,  ,ives  a  U^dg*? otype . 
feg)    "Vs  is  designated  eb.    The  dcrinar^,  or  wild  -ype, tu-e  ,r 
lis  genJ  is  designated  eb~.  (This  type  of  notation  -  eb  *y  eb  - 
is  different  froia-*he  notation  used  for  other  .genes;    e.g.  .api  al 
letter  and  small  letters  to  designate  alleles  controlling  *tem  heign. 
7* ^ef  plants.    Berber  that  the  symbols  we  assign  to  specific  alle- 
les are  purely  arbitrary.)   The  other  gene  is  a  gene  that  helps  .on- 
trol  eye  color.   Tbe^cessive  allele,  when  homozygous   gi^s  a 
maWeye  color.    ©    Nov  here  is  the  experiment:    a  female  ,rult 
5^that  was  dihybrid  for  body  color  and  for  eye  color  vas  .iuca 
wSh  a  homozygous  recessive  male.   The  8^^~W£m 
and  the  phehotyoes,  of  the  progeny  as  well  as  of  the  pw«».  ™* 
vere  a  total  of  1000  progeny  counted:  *05  vita  ebony  body 
tvoe  ove   390  with  wild-tyoe  body  and  maroon  eye,  57  with  eoc.$  -ooy 
STsS^n  eye/and  105  vUh  wild-ty?e  body  and  wild-type  eye.  The 
Srsf^seVof  progeny  represented  parental  combinations  of  allS> 
-es-    the  second  tvo  sets,  recombinant  combinations  of  the  alleles. 
^' total  number  or  recombinants  wr  97  -  10*  -  202,  or  about  2 «  of 
the  number  of  progeny  flies.    That  means  that  the  two  genes  for 
ebony  body  color  and  naroon  eye  color,  arc  '.-out  20  map  uni.s  .-part. 

Here  is  a  problen  for  you  to  try.    Tr.iv  also  concerns  fruit 
flies,  but  tvoither  genes  are  involved.    One  of  the  genes  control* 
via*  'hane     m    A  fly  homozygous  for  the  recessive  aUele  has 
v^igi^wingT...  small  vingTthat  looh  mature.    ©    The  second 
35rSl  SJffor  eye  color 'differer.;  r-ca  the  one  we  used before 
ir that  the  recessive  aT.ele.  when  2KWSF.~r.vs,  give*  burnt  orange 
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cclored  eyes.   TheJ<vo  ?enes,  vg  and  too,  are  9*9  map  units  -.A«-.rt  on 
or.e  chroacsoae.    @    Vh*n  progeny  genotypes  and  phenotypes,  <t.  «h'T. 
■5  report  ions ,  would  you  expect  when  a  fer&le,  heterozygous  for  r  a w-r 
orange  eve  color  and  heterozygous  ^or  v.r.tigial  wing,  is  mnt^d   o  t.  * 
hoaor/geut  recessive  nale?   Step  the  tap-  and  work  out  tao  ens, .nr. 

fr^    Since  the  two  genes  involved  are  9*9  nap  ^ts  apart,  yen 
should  exnect  that  9.9^  of  the  gameter  would+have  recombinant  "enc- 
•sypes.    7~e  recombinant  genotypes  arc  too  vg   and  huo   vg.  K.gcrv 
•^roa  gaaetes  wish  these  genotype?  would  have  burnt  orange  eyar  ono 
noraal  wings,  or  noraal  eyes  and  vestigial  wings.    Since  tVw  *x«. 
■■Lvo  types  of  recombinant- ,  they  share  the  9.9$  occurrence:  etch 
would  occur  at  If. 95$  of  the  total  progeny.    The  phenotypes  or  thy 
progeny  froa  -parental  nype  gaaetes  would  be  burnt  orange  ey-  "  -  ^ 
vestigial  wings  and  normal  eyes  with  mmal  wings.    "Sad   •  •  i.~<r 
in  ^.0%  of  the  total  progeny.  . 

You  should  be  able 'to  work  out  these  linkage  problem? 
directions:  given  the  number  of  map  units  between  two  genc&  the 
-.otype  of  the  parent,  find  the  genotype  of  the  garnet--  V  :he\r 
-  iaWe  proportion-..    Or:    given  the  relative  proportion?  ■  t  itx 
gamete  genotypes,  Cir.d  the  distance  between  the  approprl.  to  »en*i. 

3y  locating  a  large  number  of  mutants,  mating  differcn.  jaiifi 
of  autants,  and  iseasurin*  the  number  of  recombinants  for-  eac  fair, 
c-n»ticists  can^deter-ine  the  order  of  all  these  genes  alone  the 

chrcaosoae.    @    ?or  instance.*      fo,JBd  tnat  thc  ••W.90^ 
aarcon  eye  genes  were  20  map  ur^ts  aparc  on  one  of  the  f~  j  cht-:.n«.  - 
scaes.    Tne  ebony  body  and. the  glass  eye  renes  are  about  *-y 
-♦nits  ana~t;    ani  the  giass  eye  and  naroor.  eye  gancs  ar*  at  -uv  L'  v-:r. 
units  ansrt.     @    Thus  the  order  of  the  ^genes  is  gi  eb-ro  ycr  ^  %\ 
gl,  if  you  turn  the  chroaosome  around).  This  slid?^.'.'  .3  a 

more'coaplete  nan  of  this  same  fly  chroaosome.  The  posUic  ..f'eaC. 
gene  in  this  ma?* was  determined  by  mating  mutants  of  this^e?  .-.with 
several  mutants* of  c-hr*  ~enes.  7y  determining  the  po^iHc:  -f  tv* 
gore  with  res-sect  to  &z  laast  two  -jther- ,  it  could  be  locat***  &;act» 
ly  on  the  chroacsoae.  The  fact  that  we  can  construct  tanjir.  J~i-  tH.-J 
one  shows  that  genes  are  arranged  in  a  linear  ord^r  alas.?  t  c.^oifc 
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.      if  you  are  sharp,  y*i  ray  have  noticed  a  stT***e  possibility  in 
the  chriosome  mode£      genes  get  farther  and  farther  apart,  the 
anount  of  recc^i^onfbetween  their  ftliele6  i1"^*868* 
SHhis  go?    If/genes  kre  far  enough  apart,  can  the  reco^inants 
outnumber  the  plrental  £ype  gametes?   The  answer  is  no.    The  f«conbi- 
Santgenotypes  S  nev£  more  frequent  ,than  the  parental  genotypes . 

rf2o/£  easp^Tthe  genes  get/frarther  apart  and  the  possibi- 
lity of  crossover  increases,  the  possibility  that  there  mat  be  |£ 
crossovers  between  the  genes  also  increases.    And  if  there  are  t*o 
crossovers  between  the  genes,  the  gametes  will  have  parental  geno- 
types".   If  the  genes  are  very  far  apart,  the  chance  of  ^di^no 
crossovers,  or  one  crossover,  or  two,  or  three,  all  average  out,  and 
the  frequency  of  recombinations  of  alleles  tends  to  *f£ - 

the  frequency  of  parental  combinations  of  alleles.     KH)  s^ua*' 
Son   ^comesVt  iSe  that  for  unlived  genes  So 
far  •  :ough  apart  on  a  long  chromosome,  t.iey  will  oe  inherited  Jus- 
as  if  they  were  on  different  chromosomes. 

(?§)    Finally,  this  is  the  end  of  this  module.    From  this  module 
you  shluld  havTIcarncd  the  various  ways  in  which  pai Lr. i|f  6«j« ^ 
oe  inherited;  and  how  the  position  of  genes  along  different  chromo- 
sLeTexplains  these  various  patterns  of  inheritance;    and  yo:a  should 
have  a  good  idea  of  how  genetic  experiments  can  be  used  to  show  .  e 
^Utionshi?  between  different  genes  ...  whether  they  are  on  tV,  same 
or  on  different  chromosomes.    Good  luck  witt  the  problems  in  your 
program  of  instruction. 


-17- 


4 

.  3 


1? 


9 

ERIC 


'653  * 


MOD  285 


< 


ISMEP 


MOD  28^  Heredity,  Part  III:    skx  Chromosomes  arid  Sex  Linkagt 


OBJECTIVES:  <   '  + 

i 

1.  Describe  the  chromosomal  differences  between  male  and  female 
humans  and  between  male  and  female  fruit  flies. 

2.  Show  how  the  meiotic  division  of  sex  chromosomes  explains  why  fruit 
flies  (and  humans  and.  othor  animals)  have  50%  male  and  50%  female 

\  progeny. 

3.  Given  the  appropriate  genetic  information,  tell  whether  a  particular 
•       trait  is,  or  is  not,  sex  linked. 

4.  Explain  the  heredity  of  a  given  sex  linked  trait  in  a  specified 
organism  by  defining  the  location  of  the  gene  for  that  trait  and 
by  stating  which  alleles  are  dominant  and  which  recessive. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  This  MOD. 

2.  General  Biology  references  on  Heredity. 

3.  -    Biology  Media  instructional  materials. 

4.  Singer  Caramate. 


FINAL  ASSESSMENT: 

1.    See  objectives  above. 
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INTRODUCTION:  ~ 

.The  rediscovery  of  Mendel's  experiments  on  heredity  by  DeVries,  Correns, 
and  Tchermak  in  1900  sparked  an  era  of  research  in.  genetics.    Advances  in 
microscopy  in  the  late  1800s  had  provided  much  background  information  on 
cell  structure  and  was  stimulating  searches  for  structural  explanations  to  basic 
questions  about  life.    Thus  one  of  the  ^ixat  questions  the  new  geneticists 
attacked  concerned  the  location  and  physifea-L  nature  of  genes.    Where  wer£  they? 
What  did  they  look  like?    How  did  the  cell  manipulate  then  during  reproductive 
processes?  i  j 

An  American  cytologist,  W.  S.  Sutton,  developed  the  best  hypothesis  in 
1902  by  comparing  Mendelian  principles  with  descriptions  of  mitosis  ^nd  meiosis. 
Sutton  guessed  chat 'genes  must  be  attached  to  chromosomes.     Firm  evidence 
supporting  this  hypothesis  appeared  in  1910,  when  Thomas  Hunt  Morgan,  working 
with  Drosophila  melanogaster  (fruit  flies),  reported  that  he  could  show  that 
a  particular  allele  was  associated  with  a  specific  chromcsome. 

Fruit  flies  (and  other  animals)  have  a  special  set  of  chromosomes  that  appear 
.  ia  twc  forms  that  can  be  distinguished  in  the  microscope.    These  chromosomes 
are  called  sex  chromosomes,  because'they  seem  to  determine  the  sex  of  the 
individual  that  carries  them.     That  is,  the  sex  chromosomes  of  a  male  look 
different  from  the  s e^cRf mi<S§um&  of  a  female.    Morgan  was  able  to  find  a 
special  allele  of  a  gene  for  eye  color  and  show  that  it  was  inherited  only  by 
progeny  that  received  a  particular  sex  chromosome,  thus  proving  that  the  allele 
jnust  be  attached  to  that  chromosome.     It  was  the  first  clear  'demonstration 
that  a  gene  was  located  on  a  chromosome. 

The  concept  of*  genes  on  chromosomes  not  only  given  physical  substance  to 
the  idea  of  the  "gene",  but  also  allots  geneticists  t    explain  results  of 
matings  that  violate  Mendelian  principles. 

THE  PURPOSE  OF  THIS  MODULE  IS:     (a)  to  describe  sex  chromosomes  ...  how 
they  are  inherited  and  how  they  determine  sex  in  animals;     (b)  to  introduce 
the  concept  of  sex  linkage  of  genetic  traits;    and  (c)  to  show  how  the  pattern 
of  inheritance  of  sex  linked  traits  provides  evidence  that  certain  genes  are 
attached  to  sex  chromosomes. 
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®         HEREDITY,  PAHT  III:-  SEX  CHROMOSOME?  AND  SEX  LINKAGE 

Some  of  the  most  interesting  problems  in  the  vor Id- 
involve  sex.    Among  those  that  interest  geneticists  are 
options  like:    why  do  so  many  species  have  as  many  males 
as  females?    Why  do  rest  couples  tend  to  have  both  .on. 
>  and  daughters,  but  some  couples  have  aL  sons  or  all 
Sughters?    Whose  gene's-the  father's  or  the  mother  s-- 
•       determine  whether  a  child  will  be  a  bey  or  a  5i  *W 
.    Henry  VIII    spent  a  lot  of  time   -  .     .        worrying  about 
'Sat  one.)    Wny  do  soma  diseases,  Xik3  hemophx.ia  and 
muscular  dystrophy,  seem  to  occur  on?.y  m  boys? 

(2)  The  basis  for  an. answer  to  these  questions  was 

•     •      iscovered  around  1900  by  cytologists  working  v th  in- 
sert:     insects  are  convenient  for  ^ese  studies  because 
they  have  relatively  few  chromosomes  in  the  nuclei  o. 

©their  cells.    For  instance,  grasshoppers  have  21-22 
_    chromosomes  and  fruit  flies  have  8     Hit*  these  low 
(7)   numbers  of  chromosomes,  it  was  fairly  easy  to  look  during 
^  and  meiosis  (when  the.  chromcces  were  cond  n  cd 

and  see  that  the  shapes  of  chromosor.es.  followed  a  Definite 
pattern . 

/C\  Fi^s*.  most  of  the  chromosomes  occurred  in  pairs  — 

W    two  members  of  a  pair  are  called  homologous  chromosomes, 
and  they  look,  alike.    2ach  pair,  hbwever,  differs  f^om 
the  others.    The  characteristics  that  distinguish  -ne 
Afferent  pairs  are,  commonly,  the  length  of 
some  and  the  position  of  its  centromere.    More  gently, 
.    ©    researchers  have  shown  that  fluorescent  markings  can^elp 
W    identify  which  chromosomes  are  homologous  and  which  are 
not.' 

•G)  Second,  there  was  a  difference  between  the  chr omosom es 

^    in  males  and  those  in  females.    This  cifference  involved 
only  one  of  the  pairs  of  chromosome,     ^  instance ,  a  ong 
their  chromoscne  complement,  female  -:uxt  ^ieV-**  ^° 
that  were  fairly  long  with  centromeres  r.g.^t  >.t  the  end*. 
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Male .fruit  flies  had  only  one  of  these  chronosomes ;  but 
in-^cdition  the  wiles  had  an  extra,  larger  chromosome  with 
the  centt»mere  about  a  third  of  the,- way  from  one  e^id. 
Actually/ this  extra  chromosome  looked  somewhat  like  the 
-ferule- type"  chromosone  with  an  extra  piece  tacked  on  the 
centromere  er.d. 

Let's  look  at  the  chromosomes  of  fru<t 
are  seen  in  sguashed-cell  preparations.    Notice  the  three 
r^irs  of  chronosomes  that  are  tne  same  m  both  sets.  There 
Ci  i*  largest  oner  with  centromeres  in  their  centers,  that. 
~  -£?7-htlv  smaller  ones,  again  with  centromeres  at  their 

and  Sere  arc  the  two  very  mall  ones.    Now  notice 
•he  t^'' raining  chromosomes  and  >-w  they  differ between 
rale  set  at  the  left  and  the  feral,  set  at  the  right, 
-ere  are  the  r,o  identical  oner,  in  the  female  and  the  two 
dissinilax  ones  :-n  the  nal*.  ^ 

The  first,  three  pairs-the  ones  that  are  the  same  in 
^th  rales  and  females-are  called  "autosomes-.    The  others 
are\alled  "sex  chromosome." 7  In  the  fly,  the  •»*"•* 
cfrcSsct.  are  called  "X  chromosomes".  . 
is  said  'co  have-  an  XX  karyotype.    The  extra, 
chrortsone  in  the  male  is  called  a  -Jf  chromosome",  and  the 
ral*  is  said' to  have  an  XY  karyotype. 

■  v-ere  are  the  chrorcsos.e-i  of  a  grasshopper.    In  this 
case  STteU*  has  11  pairs,  while  the  male  has  10  pairs 
and  only  one  copy  of  the  11th  type -of  chromosome.  That 
last  type'of  chromosome  again  is  cnll-d  X.    The  female 


karyotype'  is  XX  and  the  male  karyotype  is 
is  jusfas  if  the  crasshoppe-  reduced  the  Y  chromosome^ 
to  invisibility.    Otherwise  it^nas  the  same  system  of 
sex  determination  as  the  fly. 

,  This  same  system  works  for  most  animals,  -the  female 
Kas  two  X  chromosomes,  and  the  male  "a*  one  X  and  one  Y 
chromosome.    Kowsver,  there  are  a  fev  grcvos.  of  annals 
that. modify  this  system.    Moths,  butt.rfj.e--,  bl**.  «* 
amphibians  are  designed  such  that  ma,es  have  the  two 
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(22) 

a 

(2* 


\ 

I 

I  * 


identical  chromosomes  end 

TSSTZZ^-*  no  *^JZ~£ZJZ.    That  „. 
these  cases,  the  and  the  females 

the  Ml«  ~e  said  to  hav .  «  ^  u  little 

have  HZ  (2-)  to^^Bi£StiS»  and  th.  XY  (X-)  situation, 
difference  between  *"*£"\™latM  is  to  cell  atten- 
^  ^thTfact" ^  r.t*r  than  the  females, 

hi:.  X.^Tdentical  sex  chromes. 

Finally,  here  ar«  the 
see**  more  c^U*..^^^  ^  .        it  ^  out  to  be 
i»  the-other  ^osone  pairs-    7>cre  are 

sL-nilar  if  you  identify  all  ^ee  chrolcso^cS.  ThU 

22  o,-lrs  of  autosomes  and  one  £-r  °         „d  one  small  Y 
.  *  i9  fro*  a  ^tie  cnrotnosone,  of  a  female-  ^ 

the  sane  pattern, 
and  the  Y  chromosomes. 

ftn.  D,ir  of  sex  chromosome;  two 
Thi^nsral  V*^'™*?t  the  sane  type;  one  sex 
different  types;  one  sex  witn  cwo  ^  ^ 

vith  one  of  each-  type:  this  pat.  el., 
annals  and  some  plants  that  hav  ^logical  feature, 

also.    It  is  clear  that  here  -s  a  f  nisn.  Kaybe 

itrsr  jsrrsiiS      01 ■- inaiviau*1 

sex. 

,     _  „  ^4f*er.-nt  se:  chromosomes,  the  * 
What  about  the  two  ^"V^-icai,  clearly.  •  Are 
_     and  y.  chromosomes*-^  <ue  no-  -  ^  are. 

$5)    they  really  an  sane  cell  CU*.  H» 

W    When  the  two  chromosome •  ,  e-r.d  when  this  cell  ur.derr 

the  XY  cells  of-  male  fruit  f  1-es  ,    ofMtlo„  of  fruit  fly 
£e.  meiotic  Vision  (like  *n  ^e    *™     ted  by  the  first 
Iperm).  then  the  two  ch ...he/hoLlo*^  put. 
miotic  division,  just  a» 
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•      rt1p^eq  froiti  a  male  frui- 

,     ,         -  the  two  X  chromosomes  are  homo- 

In  ferules,  of  course,  tne  *  gametes 
loaous:    they  separate  during  meiosis.    AU  J>e  g 
foSed  have  either  one  or  the  other  of  themtf 

xf  Jou  thin*  about  itj^^JJtijj  explains  why  a 

«ting  of  me*  ^^Z^  the  following  facts, 
fa-ale  progeny.    You  ^ve  w>  and  ft  femaie; 

a  rating  is  always  ^r^ed  bc---^'  and  half 

half  the  rule's  canetes  carry  f,cr  s  carry  „ 

carry  a  Y  chrorosorc ;         *  J  ^  ^necions  of  »!• 
X  chrcnosore.    When  you  »ns-oc^  > ..c 

*.*  ferule  gametes  tr.it  can  £t  is\lcar  that 

to  th.  one  we  use  for  genes  and  aU-  ;e,.  It  ^  y  from 

of  the  cognations  will  by  XY  ^i-  ^  oo!r.inations 

the  rother  and  a  Y  iron  the  f*w  .c. )  ^a  d  ^  x  froa 

will  he  XX  (will  receive  an  X  from  the  ^ 
the  father).    The  XY  conbinat ^  ^^f^,'  ^  50% 
the  XX  combinations,  females.    Thus.     w>  ™* 

ferules. 

a  single  .rating  usually  ooes  no^  feral^s.    The  numbers 

sn-^O  ratio  of  nalec  to  rer.aj.*^. 
to  give  a  gooc  bo-oj  ratlu      ,        .        _  -!-rcer  ©art.  It 
areV*U,  so  chance  fluctuation  P^/^"  etther  all 

not  influenced  by  other  ~  colld  occur 

see  how  two  or  three  XX  or  w  cor-  con3ider  a 

coring  the  sare  mating.  we  consider  a  large 

large  nurber  of  matmgs  to  go  A -r.  ~  «  ^ 

r.r*.r  of  ^^V*  Sh  £?*».    This  is 

s  should  work  out  the  sa...e  •.  _  ¥  „HrnaaW 


result  should  vor*  q»*  «~  —  chromo«onc 
because  half  the  male  cane..  .    ^  half  -,u, 

and  half  car-  f.  V  chronosone,  so  u..  i-crage 
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combinations  will  ^  XX  and  half  will  be  XY.  Therefore 
of  a  large  group  of  babies,  half .will  be  girls  and  h?lf 
will  be  boys.  If  we  ~ust  consider  only  a  single  raiting  — 
and  noct  of  us  think  that  vay—we  express  the  situation 
in  ter^ns  of  probabilities:  the  probability  that  any  given 
child  will  be  isale  is  50%;  the  probability  that  it  will 
be  fenale  is  50*. 

Sex  chror.csomes  also  can  explain  sone  genetic  experi- 
ments that  otherwise  would  appear  to  violate  MendeUan 
principles.    Ther^  is  one  particular,  princiole  that  is 
especially  vulnerable.    Re^o-oer  that  Mendel,  working  with 
traits  of  pet  DLvts,  found  tha*-  w^r? dizations  gave  iden- 
tical results  ,~no  r~  ter  which  jxirr-t—nale  or  fenale— 
contributed  the  co~-r^t  or  recess. '.  .-n  allele.    That  is, 
us  -.ne  nargor  of  geneticist?,  reciprocal  ratings  give  the 
sar.e  results. 

f^S  Now  watch  this  experiment,  perfonred  by  Thonar  Hunt 

^     Morgan  in  1910.    Korean  was  working  with  fruit  flies, 

Drosophila  ralanogaster.    Fru.'t  flies  normally  have  red 
eyes.    Morgan  had  found  a  cutar.t  fruit  fly  that  had  white  • 
eyes.    In  the  language  that  *tj  devcJoned  in  the  first 
heredity  nodule,  eye  color  is  a  trait  controlled  by  one 
(or  cere)  genes.    White  eyes  are  th~  result  of  a  rutant 
allele  of  one  gene  for  eye  color:  this  allele  is  called 
w.    Red  eyes  are  the  resilt  of  the  no  cm  a  I  (wild-type) 
a-lele,  caMed  w*.    Without  further  information,  with- 
out knowing  the  phenotype  of  the  w  w  aeterczygote,  of 
course,  we  cannot  tell  whether  w  or  v    is  the  dominant 
allele. 

This  was  Morgan' s  first  crocs ?    a  white-eyed  male  with 
a  ^d-eved  female.    The  result:    a.M  orogeny  were  red-eyed. 
This  is  what  we  would  expect  if  vr  -.ere  the  dominant  allele. 
Next  Morgan  mated  the  progeny  ied-eyed  r^les  and  ferales. 
Assuming  everything  goes  okay,  we  would  expect  3/4  red- 
ev*d,  1/4  white-eyed  orogeny.    Thi-  ?lso  was  true.  But 
r^-ice  something  strange:    all  the  w  :':a-eyed  progeny  of 
this*  seccr.d  rating  were  nale. 


^  Horoan  tried  another  cross:    this  time  a  white-eyed 

O     ,      ,    !?S  a  red-eve^  nale.     -his  is  the  reciprocal  of 
r/^^cross    ^1or,.ally  we  would  expect  the  same 
"     ^    *il  4d-ey-d  orogenv.    But  instead,  we  see 
*at  all  the  -les  were  white-eyed  and  all  the  female, 
vere  red-eyed. 

It  is  clear  that  this  trait,  eye  color,  significantly 

«       -  .rents  and  on  the 
the  orogeny.    The  trait  seer,  somehow  associated 
65)  ,v,th  sex  and  therefore  is  callec   'sex  ..xnked  . 

v~  can  we  explain  these  strange  results?  Kemember 
—t  "   sa  rbTfo^that  the  sex  c^osces  can  he^p  ~th 
w,at      ,  an  we  have  to  do  is  ar.sune  that  -he 

the  explanation.    Al.  we  nave  -o  ^ 

c»ne  for  eye  color,  w,  _s  at-acneu  w  .  e 

r?.!  •  X  chromosome  ar.d  the  X  chromosome  only-there  are 
no'copies  of.  the  gene  on  the  Y  chromofome. 

What  does  this  mean?    In  Canales    with  two  X  chromo- 
semes,  the  genotypes  and  phenotypes  are  just  what 
expect.    The  w*- allele  Is  Jj^*'"  ^/Ja"  white  eyes. 
_     fl^^^^/^r^a^^ly  Te  copy  of  the  gene, 
<S>    ^'o^oneTchr^.    m  this  -e    thb  one 

Sl-.l.V-*  de:rh^  ^d'eves  "an  V«y  «t?I 

with  a  w*Y  genotyy*  *a/!     *d  ic<  that  1  wrote 

wr  genotype  would  J-^*^.  allele 
the  -Y"  just  as  a  nar*e..    It  -.--s  y  cnromo- 
«t  is  with  is  on  the  X  chromosome,  and  what  «e 

some  is  present  without  carrying  another  °* 
some  is  p«»  „  ,.    ^jjuse  I  do  not 

same  cene.    I  do  not  write  «»-  » 

thin,-,  it  is  needed.) 

.       „  thi. ,  «pl.i~ e,  - 

ve  see. 
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fii    Mtid,  the  male  produces  gametes  carrying  w    X  ?rorosa«s 
!  2'  *nd  gamete,  with  Y  chromosomes.    The  female  proouces  gametes 
^    with  w  X  chromosomes  and  gametes  with  w   X  chroaosores . 


J/. 
50 


In  the  first  cfose-i.       to- eyed  imIo  with  *  red-eyed 
fcmaU-we  can.  assign  the  genotypes  wY  to  the  rale  and 
wV  to  the  i&iwle.    Nctice  that  we  assume  here  tha.  the 

irtxCTbreediag  for  red  eye.    *  don't  really  know 
this-after  all,  w+wds  also  red-eyed.    But  let  s  ace?, 
it  a*  a  reasonable  asWion  now,  and  later  if  you  wish 
you  can  see  if  the  w*w{woula  work.    Fro*  the  wY  rale,  two 
forms  of  gametes  are  produced:    these  carrying  --.e  X  chro-o 
sore  wit> She  w  allele >d  those  carrying  the  Y  chrcroso..e. 

f^ale'  all  the  gametes  carry  the  X  c.arorosoae 


From  t-'.e  w+w 
with  the  w  allele 
males 


The  combinations  formed  are  wTY~red-eyed 
wue.--  and  w*v--heteroaygous  red-eyed  females.    All  the 
flies  axe  red-eyed,  and  this  matches  the  results  actually 
observed. 

In  the  next  cross,  when  thess  w+Y  an£  w+w  progeny  are 
mated,  the  male  produces  gametes  carrying  w    X  chromosomes 


There"are"'four  combinations  .after  fertilisation:  f^*1" 
with  wV  genotypes  and  with  w  w  ^retypes    ana  rales  with 
w+Y  genotypes,  and  with  wY  genotypes.    All  the  ^.a-es  **ve 
red  eyes,  half  the  males  have  red  ;yes,  and  half  the  rales 
have  white  eyes.    Or  put  another  way,  one  fourth  of  the 
progeny  are  males  with  white  eyes.    This  again  was  what 
was  actually  observed. 

There  is  one  more  crrfss-the  white-eyed  female  with 
a  red-eyed  male,    he  can  assign  ge -.o types  without  trouble . 
The  female,  muse  be+vw,  w  alleles  on  both  X  chromosomes. 
The  males  must  be  v+Y,  a  w+  (red)  allele  on  the  one  X 
chromosome . 

The  gamete*  from  the  females  -11  will  carry  one  X 
chromosome  with  a  w  allele.    The  camete-  fron  the  rale 
will  either  carry  an  X  chromosome  with 
will  carry  a  Y  chromosome.    When  rale  and  female  garnet -s 
ire  combined,  the  results  will  inc-uae  w  w  females-- 
*e  -^ygous  red-eved  females-anc  wY  malcs--white-eyed 
iwilec.    Cr.ce  more  'the  gametes  prei-icted  by  this  system 
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of  piecing  alleles  only  on  the  X  chrcnosoae  correctly  { 
reflect  vr.*t  actually  \s  observed.  j 

Since  Morgan's  first  experiments  with  white-eyed 
-rutar.ts  of  Drosoohila.  nany  other  cenes  have  been  found  j 
in  flies,  hurans*.  and  other  species  that  are  ^"J"*"1  | 
and  are  distributed  in  rating  experiments, as  if  they  were 
/54)    located  on  one  particular  sex  chror.c?one.    Most  sex-linked 
<J    r.e^s  in  both  flies  and  hurans  turn  out  to  be  on  the  X  . 
chroroscr*.    No  one  knows  why  this  is  true-it  just  seems 
to  work  out  that  vay.    .\  few  gsncs  ^.vc  boon  found  to  be  , 
on  the  Y  chromosome,  though,  so  this  '^o  is  possible. 

j-  e«e  the  patter-,  of  hcreclt>        of  course  dif.er-  I 

er.t.    a  trait  linked  to  the  Y  chromosome  can  only  be  found  J 

ir.  t. -les. 

I  have  sore  problems  now  to  hoi?  you  solidify  your 
understanding  of  the  concept  of  sex  linkage.    There  are 
two  things  ir.  particular  that  I  want  you  to  be  able  to 
do      First,  identify  whether  a  trait  ir;  sex-linked  from 
rating  data,  second,  explain  rating  cata  on  sex-linked 
traits  by  making  hypotheses  on  the  location  of  genes  and 
*me«-r«r  alleles  are  dominant  or  recessive.    Okay,  here 
are  the  first    three  oroblens.    What  yov  will  see  is  data 
on  or  descriptions  of  the  heredity  of  a  particular  trait: 
turn  off  the  tape  and  try  to  decide  whether  tr>e  trait  is 
sex-lirJccd.    When  you  h&ve  decided,  or  :.f  you  cannot 
decide,  turn  the  tape  back  on  And  lister,  for  the  answer. 

(yj\  Kir*  is  the  firr.fc  problc--    A  rvle  Drosophila  with 

norr.al 'sized  wings  nates  with  a  -.iniatu:  e-winied  female. 
The  proceny  were:    75  males  with  miniature  wings  and  68 
females'with  norr.al  wirgs.    What  do  you  think?    Is  the 
c-.e  for  wing  size  sex-  linkec?    Turn  off  the  tape  if 
you  need  tiffie  to  think. 

Okav.  \This  is  a  clear  case  of  roy  linkage,  because 
the  distrih-t^i  of  wing  type  t>pend&     -sclutely  on  the 
rex  of  the  orog^r/-    Rfles  have  runi*tu:o  w.ies,  and 
ferules  have  normal  vir.es.    You  don't  r.^ed  aryr:ore  in- 
forration  to  decide  that  the  "n"  <jene  for  wing  shap« 
is  sex  linked. 

10. 
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Next  problem.    ^Jejly  with  a  black  body  was  rated 
with  a  normal  (yellow  and  black  striped)  fexale.  Tnc 
progeny  were  26  black  qtales;  23  r.orr.ai  nales;  27  black 
feral^s;  and  28  nor^l  females.    Tum  off  the  tape  and 
decide. 

Ther-  is  something  strange  about  this  rating- -r^ybe 
you  recognize  it.    ^c  get  results  like  tnis,  one  of  tne 
parents  had  to  be  heterozygous.     It  would  be  the  parent 
that  has  the  dornnan-  phenotyoe,  whichever  one  that  is— 
it  .turns  out  to  be  the  nomal  feraic.  Notice, 
are  the  saxc-  -or  the  nale  and  the  fer.ale  progeny.  Does 
th-s  -aan  that  the  fcltick  body  gcre  i-.  not  sex-linkcc. 

•'    "  .        „  •  -_7 -       rjrt t  these  results, 

Not  necessarily!    I-  is  po^sio.e  -o  q-t 

-ven  if  the  trait  were  sex-lirJced. 

In  order  to  tell  which  is  the  correct  scher.e ,  you 
Q     '--st  ask  for  information  or.  the  reciprocal  cross,  in 
^      'til,  case  a  normal  irrle  with  a  blacX  ferule.    If  tr.e 
results  are  the  sane-no  difference  between  na^e  and 
female  progeny -this  is  strong  ev icence  that  tne  ger.e 
is  not  sex  linked.    If  the  results  <re  difxerent,  -e 
gene  is  probably  sex  linked. 

It'turns  out  that. this  gene,  the  gene  for  black 
body,  is  located  on  an  autosome  and  therefore  is  not 
reix  linked. 

Third,  a  bar-eved  ferule  Droso->hila  nates  with  a 
bar-eved  malr.    -he  result  is:    20  normal  rales,  22 
bar-eyed  nales,  zs&  SO  bar-eyed  fcriles.    Is  the  bar- 
eyed  trait  sex  :  ..  .<ed? 

Aaain,  this   .rors  is  kind  of  strange-the  parents 
both  have  the  sane  pbenotyoe,  yet  tne  progeny  differ. 
Just  as  in  the  last  problem,  the  pe rents  ir.ust  be 
heterozycous,  hiding  nonr-al  cenes  in  their  genotypes 
,or.,vhere.    The  important  thing,  t^ugh,  is  that  the 
distribution  of  the  trait  in  Offers  be. -een 

the  aaiis  i-.<2  the  fcnales.    The  na.  -.r  -.ecrcgate  into 


11 


/ 

f 

i 


-12- 


L\r.v*ed. 


^.  ;  o<-   ~r«-*  All 


•    -m-'SG  f  ir~ 


/rob lens  ,  1 
••r'j:  lain* 

•:vj  parent* 
■  e 


r.\ch 


-  or 


rv  o  ^ '  - 
Jo. 


a-:  i"  "  ■■' 


v   "T i v •  •  rviniatu:1*1 


.  v.  i;.at  the  gen^  ^ 
(/  .  .   :_<■  on  the  X 

M  gene, 

in  tho 
\  -  nun!  co:  :,ty;^ft- 

-ic  th^-  the 


data.  Can  vou 
try. 


■  t  --hat  ew« 
.   ,s  for  th« 


9 

ERIC 


665 


JfOD  286 


I 

; 


-13- 


'IT'" 


hete'c  .1^1 

?"  .       r  >  th-  t 

could  ;     c        ^  -  •  * 

>x*  dew-  r.-*~  - 


•.he  *-* 


i  V  ' 


■.:.*:>  that  t*v 

...   ;     *0S  a 

•      •     ^cd  here  . 
Siack  trait  is 
.,'r*.        <icVt  havi 

*.  *  r  £  its 

»  ■»  *  "  -  \  j  vil  ■»- 


1  in'^d  • 


■V  - 


.hrcroscr.?: 
so-.e;  so 


•    "   t:  r  b-?.r>  v?  *" 

--   -  —  ■ire  X  chrcj.-G- 
'St  h^  x."  i           Wlc  ruse 
.   so                                     *  a   _  rvo  fli  licrcr.t  icir.cr-  1 
hetcrc:yq^!^   -  so  ccno-vJ  


that  tv 


?  c  :> 


1-1  XI 

•  r.V-e  . . 


u-..,c,  bcy.iy  is  not  sex 
;.".r,;"  '.j  the  torinaat 


rs-  p,  -j>  c^.ote  the  bar-eye 

allele  and  B~  «  nean         r'f  ;:  "       ^  '  cvrcr55cre  f  >r  the 
c«ne  i«5  sex  lv**d.  so  .    -  50  ?ut  in  the 

;,  \'.  .econd.  you  tS-  ^;  .:  .    '      -  ,r,,  vou  car  see 


-'order  to  give 
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two  different  W»  of  ;n^nJ  ,ou;,;  ^,  o 

hc-orvgous  bar-e/e-. ,   -  -   _  -  .  r  .  t .     Hex  t.« 

bar-e/ed^b-t  *.ey  wer,-  t,  so  jl*  y  har_ 

eye,  th:  bar-eye  a.le~  ~    ^    pcssibW  a*,  tuat  <cr, . 

type  allele,  an  unjeucl         ce.  w-*n*>  i  {7 

How  ~oat  r,-,c         l*r  Pro-,  ^  ^ 

axe  a  rw*.r  s^^l^^ney  V.  usually 
Ur.Ved-rostJy  ce-.r::^ so  tn.y  ^        .  ^ 

hereditary  disease.  a  1971\_  ^  .,  rcp-ttSC, s;  -,  n<-'-«* 
lir.'ed  r.oreditarv  include  i.-no;.'  ■  » 


.imw  (leadirc  to  deafness,     sev   .a      Y  ,  , 

•   -.nation,  end  a  cor  — s  con.i 
incisors  fail  U»  le-elop. 

"  Ceva:l^e"rc;ne  Is  sex  Hnked.  usually,  because  one 
to  tell  vhethe.  «  ge..e  ~ ^  fontrolled  MtwnS  t  v. 
seldom  gets  a  "  Qther  The  >.tt  -.-rr.r 

cr.e  vxuxa  use  cf 
co  like  this.    First.  =v-ioc- 


lor.  acts  a  c;.ar.cs   —  •         7,.   ^  •  -      T-rt>  -,.,tt  .r 

^-"s  or  other  animus.     .r.«  .».»- 

ye  this.    First,  or-ide    -  v  . 

eo  wxll  be  receive.     «n  t-.is  w...-c.  t. 

~.ic--  than  :n  -.erv.t%.  - 

wxld-type  tl'.H".  so  -.h-.y  -ill  ->^c      xp.-^  ^  ^  v;i^ 
Cn  t>e  oCer  hanc.  v"..  ^  >t.  t^Ueir 

out  expressing  _   -         .f   ipp..r..- r  vl ■ 

caashters.  out  -  ever  »  tnea.  ••  p  ;OI.;> 

noirai  "earner'  nothsr*  can  g.v    t..c      a  t  _  ^. 

T,o.«  are  — g  -e  ^ -sc ,  .  - "  ^.V of  - 
a'^lcs.    You  ri.-.-.t  ^-i^  ^' 
ixr/oi  dor.inar.i  .llOs  yourso.'. 


ch«-  allele  ■  ar°-' 


'reus  cxiur.ple  of  a 


•d.sease"        ■  ^  '  '         '  *.      r  »..;-c-:^ 

•_n  Q-.ten  Victcr..  .     ^e  had  lets  -  f  -  ...   ^  » 
allele  to  'J-iree  of  t?.e  royal  :ar.---» '  o 
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Among  a  sanple  of  100,000  1  jr.  2ns  oV'.e."  ■ 
year  period,  ther*  were  100  cases  of  r^:j..i  v 
Over  eighty  of  th*se  were  in  beys.     Ts  nasculcis 

sex  linked?  It  is  indeed.    l  ew  about  the  r~  - 

with  muscular  dystrophy?    It  tu-ns  out  *hat  t..? 
than  one  gene  involved  in  this  disease,  -nJ  1, 
to  acquire  it  fro:?,  a  mutation  in  a  7^  0  <">'. 
Almost  undo'ibtcdly,  the  girls  Lav*   t>.is.  1/;.:  ' 

In  50  marriages  between  rv»n  who  he\-»  •' 
blindness  and  won*-,  who  are  nr.  -  color  i,"?  - 
the 'children  are  eoler  blind,    r.c-jal  nu  :^ 
blind  children  are  boys  and  gir'«-.  In 
non-color-blind  m*n  and  color-blind  wor.c  #  - 
are  color-blind  boys  and  half  are  nonal  qi  , 
trait  sex  linked?. .Again,  yes,  it  is.  rr> 
that  the  results  for  reciprocal  ratings  vie  .0 
the  results  depend  on  the  sex  of  the  ^arerti. . 
tell  whether  the  allele  for  color-blind" t  z  \s 
recessive?  '  • 


One  final  problem.    Several  families  ai  ? 


all  the  males  hove  hairy  ear;;.  ?one 


he 


fariJly  shew  this  trait.  Can  you 
tion  for  this  sitjation? 


This  tj  ^it  certainly  appears  sex  lir.ktc  (  *  \ 
inherited  throw  .a  the  females  a?  a  reco-.siv-  n^- 
X  chromosome.     If  it  were  a  dominant  aiu:e  e%  1.-. 
some,  i£  should  show  up  ir  lots  o;  t!vs  c:.r'' 
explanation  could  be  that  i'-  is  an  alleir  cr.  -  -r 
some.    Y  chromosomes  are  always  passed  fr-* 
And  nev^r.  appear  in  girls.    That  ficc      -  \  U 
this  trait. 

Before  we  leave  this  topic,  1  should  rWitl; 
tier.    There  are  some  traits  that  \^ry      Lh  rest* 
yet  ore  c -rolled  by  autosomal  gcr  •^•ii-n 
is  one  of  these.    Another  is  the  poss<- 
sheep.    In  sheep,  a  male  heterosy^us  fnr 
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hs.  horns,  ^ile  a  femal.  ^fJgS  ^^1^ 
.  traits  axe  called  -sex  limtjd   j££r     it>  is  appar„i: 
The  expression  of  the  genes  for  these  , 
affected  by  the  supply  of  sex  J*^^1 identify 
,  proper  rating  experiments  are  "J* 

\Ut  as  sex  li.it-  or  problM 
The  determination  of  sex  is       chrOPOSOtneS  had  eve 
in  itself,  but  the g  out  to  provide  d 

-ate.  *c 


thev  lpok  ^oduced  the  £  1 

You  see,  when  Kendtl  first  in^°,      d<„cntary.  r,-ople 
'    t  e  gen*  in  1*65.  S  suSeUuiar^tructure , 

y.ad  little  idea  of  the  -JP**^^^  of  .-aenetic  pedes'.  • 
^  SfftfiT-^  —  ^  failed  to  a,ce?t 
^.'concept  of  a  particulate  ^ 

But  whfn  oevries  and  ^^^tS  ^-ved. 
of  the  gene  in  1900,  ™<™»°°Z^J? DCel  described, 
various  cell*  in  very  rany  \  ceUs  in  ^ 

Flermirg  had  even  described  mitosis  in  «  ^  a.  , 

I30CS,  oeef.  had  describee  -/^^Js  in  tte 
their  effect  on  the  nu^ers  o  chro 

All  this  experience  «*f  •^^hiSd  Dories  ahd  Oorrens. 
rhe  response  of  the  taolcrasts  Jtetn  disbBuef 

7r.e  verbs,  ''^^^r^ic^St  we  have  been 
eysiter*it.|    "WhSeA      the  ^  l^raTor^  is  responsilu  for 
^chirg  presents  '.he  gene  a£  tUrefore^  ^ 

njC:-  -rican  cytologic 
■     foully  «»-^:r5!  Obtain  l^diately.    How-.  ... 


of  genes  bjeing  on  chromosomes. 
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MODULE 3  287  &  288  . 

Module  # 287-88  Environmental  Education  as  a  Teaching  and  Learning  Tool  j 

This  mod  will  provide  ideas/methods/techniques  to  teach  environmental  education 
in  an  active  learning  format. 

«  / 
Lab  Fee:   $12  (includes  4  meals,  lodging,  and  transportation) 

Objectives:    1.   The  student  will  gain  an  understanding  of  a  number  of 
environmental,  education  activities  in  which  he,  in 
turn,  will  be  able  to  use  in  teaching  students  in  a 
school  setting. 

?.    Students  will  begin  to  understand  the  interrelation- 
ship of  man  and  the  environment  through  participation 
in  the  weekend  experience. 

3.  Students  will  become  familiar  with  published  materials 
relating  to  various  aspects  of  environmental  education. 

4.  Students  will  observe  and  interact  with  alternative 
teaching  styles  demonstrated  by  the  facilitators. 

Instructional  References  and  Materials:    \    2  articles  to  be  identified 

2.  Current  elementary  science  texts 

3.  OBJS  Jfjls 

Procedure:    Module  Overview:    One  weekend,  students  in  ISMEP  working  on  , the 

environmental  education  module  #  !.»  are 

taken  to  Land  Between  the  Lakes:    Yoi  th  Station 
for  a  day  and  a  half  of  intensive  exposure  to  a 
broad  base  of  .experiences  relatinq  to  the  en- 
vironment and  teaching.    Students  will  view 
films,  participate  in  discussions,  simulations, 
and  a  variety  of  outdoor  ga*e$  and  activities. 
-  Students  and  teachers  are  both  actively  involved^ 

in  the  whole  weekend  experience  which  comprises 
the  substance  of  the  module. 

SMdent  Activities:  1.    Academic:    Read  articles  in  module  before 

the  weekend  experience  at  LBL. 

2.    Time:  *      Students  are  asked  to  meet  in  the 
Business  Building  parking  lot  at 
'  3:30  PM  on  the  Friday  of  the  . 
scheduled  weekend,  (Consult 
instructor  for  date?0  Students 
can  expect  to  be  back  on  the  MSU 
Campus  at  7:00  PM  on  Saturday.  * 
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3.  Transportation: 


4.  Dress: 


MSU  vans  will  transport 
students  to  and  from  LBL. 
Vans  will  depart  from  and 
return  to  the  Bjsiness 
Building  parking  lot. 

Much  of  the  time  during  the 
weekend  will  be  spent  outside, 
Take  this  factor  and  the 
weather  into  consideration 
when  packing  the  following 
i  terns : 


Evaluation: 


^  Things  to  Bring 

Extra  change  of  clothing 
Comfortable  footwear 
Towel  and  other  personal  items 
Jacket  or  sweater 
Raincoat/ poncho 

Things  Provided  by  LBL 

Sheets 
Pillows 
Blankets 
Meal  s 

Students  are  evaluated  on  their  active  involvement  in 
scheduled  activities  during  the  weekend* 
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PREREQUISITE:    MOD  176  ,  "Batteries  and  Bulbe  I 
OBJECTIVES  t3 

1.  Given  an  electrical  diagram,  you  will  be  able  to  interpret  the 
avmboJ s  and  explain  how  the  circuit  works. 

2.  YoTwiH^e  Ss  to  explain  thoroughly  the  difference  between  a 
series  circuit  and  a  parallel  circuit  and  how  ea <*  operate-.. 

3.  Give*  an  electrical  diagram,  you  will  be  ^le  to  construct  the 
electrical  circuit  from  the  parts  contained  in  the  MOD  tray. 

INSTRUCTIONAL  REFERENCES  &  MATERIALS: 

1.    ESS,  Teacher's  Guid*  for  Batt^a  and  Bulbs 

\    ^JFttLXtifctS^.  ••Circuits,"  „.  HW19,  Dull.  Mi'tcal  f , 

'     Williams,  Modern  Physics,  pp.  412,  422,  423,  and  424. 
A.    Clips,  bulbs,  batteries i  switches,  wire 
5.  Voltmeter 

FINAL  ASSESSMENT: 

2    £  fJ™  taJi-l  .....«*  .h..t  1.  vhlch  you  will 

SLtS!cn  circuit  fro.  the  HWld.  In  th«  HOD  .ccording 
to  a  given  schematic  diagram. 
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PROCEDUBE: 

1.    Symbols  and  Circuits 


In  working  with  electrical  circuits,  It  Is  very  burdensome  to  sake  a  complete 
drawing  on  paper.    So,  a  code  language  has  been  designed  using  symbols^ 
These  symbol,  are  standardized  for  all  types  of  electric  circuits.  ***of£ 
familiar  with  these  basic  symbols.    A  design  using  these  symbols  is  celled  a 
schematic  diagram. 


Ground 


Resistance 
(Load) 

 AAAA  


Wires  Crossed 
but  not  joined 


3adlo  Antenna 


T 


Battery 

-<if- 


Hire 


Coll 


Earphone 


Bulb 


Clip 


Magnet 


Diode 


Switch 


Wires  Joined 


Electro-magnet 

ft 


Voltmeter 


*  >  This  diagram  Is  a  simple  electric  circuit  drawn  with  symbols.    Set  up 

this  circuit  with  actual  materials. 


Bulb 

Clip  *  — (3~T  Cllp 


-  T 


S  I 


\ 


Switch 


Explain  what  happens  when  the 
switch  is  closed. 

Turn  the  battery  around.  Now  what 
happens? 

Is  there  a  difference  in  the 
Intensity  of  the  light  bulb? 


Wire 
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Can  you  read  this  schematic  diagram  of  a  simple  radio? 


This  schematic  diagram  ehows  a  combination  of  two  simple  radios. 


-Me- 


-3- 


Tikc  3  batteries ,  3  bnlbe,  wire,  and  2  switches  to  sat  up  an  elec trical 
irouit.   Draw  a  schematic  diagram  to  ahow  how  you  wired  your  circuit.  Be 
ready  to  explain  this  circuit  to  the  instructor. 
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2.    In  this  activity,  you  will  use  a  voltmeter.    There  is  e  definite  way  to 
wire  the  later  into  the  electric  circuit.    The  top  of  the  battery  is  called 
Se  positive  pole  (anode)  and  the  bottom  is  called  the  negative  pole  (cathode) 
Vnen'th.  voltmeter  is  entered  into  the  circuit,  alwjyA  keep  the  positive  (♦) 
side  of  the  meter  connected  to  the  positive  side  of  the  battery.    You  will  be 
measuring  the  voltage  load  across  the  bulb  each  time.  ^V*1^   L  J£ 
not  be  connected  permanently  into  the  circuit.   Wire  the  circuity and  then 
touch  th«  leads  of  the  voltmeter  to  each  terminal  of  the  bulb.    The  needle 
.25.  move  the  meter  up,  not  down.    If  the  needle  goes  down   disconnect  he 
meter  immediately  and  reverse  the  leads.    The  meter  must  be  in  the  circuit 
parallel  to  what  you  are  measuring. 

A.    Set  up  this  circuit.   Measure  the  voltage 

on  the  bulb.   v.    Remove  one  battery  from 

the  circuit.    Measure  the  voltage  on  the  bulb. 

 y.    Now  remove  another  battery.  Measure: 

 v.    These  batteries  were  set  up  in  a  series. 

Make  a  statement  about  this  type  of  circuit. 


i.    Set  up  this  circuit.    Measure  the  voltage 

on  the  bulb.   y.    Remove  ofie  battery. 

Measure:   y.    Remove  another  battery. 

Measure:   y.    These  batteries  were  set 

up  in  a  parallel  circuit.  Make  a  statement  » 
about  this  type  of  arrangement. 


C.    Now  change  the  circuit  slightly.  Set 

up  this  arrangement.    Measure  the  voltage  across 

each  bulb.    «•  v. 

b.   y. 

c.  y. 

Remove  one  bulb  from  the  circuit.    Does  the 
voltage  increase,  decrease,  or  stay  the  same? 

  Remove  another  bulb.    Does  the 

voltage  change  now?    The  bulbs 

are  set  up  in  a  parallel  circuit.    Make  a 
statement  concerning  the  bulbs  in  a  parallel 
circuit. 


r 


D.  Set  this  up. 
each  bulb.    1.  . 

3. 


Measure  the  voltage  across 
v.     2.   y. 

I>.   

the 


v.     *.   y. 

'time  iind  measure 


Remove  one  bulb  at  a  

remaining  ones.  Make  a  statement  about  bulbs 
In  a  series  circuit. 
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E.   Set  up  this  circuit.   Notice  th«  brlghtueao 
of  each  bulb.   Nuiura  th«  voltage  at  each  bulb. 
1.          tr.    2.          v.    Beaove  on*  bulb  from 
the  circuit.   Mow  what  ie  th«  voltage  across  the 
r— Inlng  bulb?   v. 


F.    Sot  up  this  circuit.   Mooouro  tho  voltegc 

ocrooo  tho  bvlb.   teaove  ooo  bottory 

froo  tho  circuit.  Dooo  tho  voltage  docrooocT 
  Turn  ono  bottory  around  to  for*  this 


circuit: 


■t-CH 


What  is  your  observation? 


Give  an  explanation. 
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KOD290  Number  Theory  Revisited 

The  purpose  of  this  MOD  is  to  increase  your  confidence  and  your  competence 
in  number  theory  topics, 

OBJECTIVES: 

At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  Use  the  tests  for  numbers  being  divisible  by  2,  3,  4,  5,  6, 
7,  8,  $f  and  11. 

2.  Find  the  prime  numbers  by  the  sieve  method, 

3.  factor  the  composite  numbers  into  primes, 

4.  Find  the  g.c.d.  and  l.c.m.  of  given  numbers, 

5.  Use  modular  arithmetic  in  checking  basic  operations. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Number  Theory 

2.  Wheeler's  Fundamental  College  Mathematics,  Chapter  3 
3     Worksheets  r 

4*.    Elementary  School  Mathematics  by  George  F.  Green,  Chapter  7 
PROCEDURE: 

1.  Review  Sections  I  and  III  in  MMP,  Number  Theory. 

2.  Study  Chapter  III  in  Wheeler's  Fundamental  College  Mathematics 
as  needed  to  fill  out  the  worksheets, 

3.  Complete  the  following  worksheets  individually.    After  completion 
you  may  check  work  with  your  partner, 

FINAL  ASSESSMENT: 

1.  ••Bring  all  worksheets  to  evaluation, 

2.  Be  prepared  to  take  a  test  on  problems  similar  to  the 
worksheet  problems. 


MOD  290 


-2- 
» 


"WORKSHEET 

1.  Write  the  rules  for  divisibility  by  2,  3,  4,  5*.  6,  7,  8,  9,  and  11. 

*  V 

3 

3 

5 
°6 

7 

8 

9 
11 

« 

2.  Without  actually  dividing,  test  each  of  the  following  .lumbers  for 
divisibility  by  5. 


a)  6944 

b)  81,432 

c)  1,941,070 


d)  50,177 

e)  1,254,  866 

f)  162,122 


3.  Find  the  missing  digits  in  order  to  produce  the  smallest  number  fur 
which  divisibility  holds. 

a)  9  |  2A_                                          c)     36  |  11  „ 

b)  11  |  18_2                                      d)     24 1  .23  # 

4.  -   Determine  whether  the  following  are  true  or  false. 

a)  15  \  345  >  d)     17  J  1581 

b)  45  J  3780  ,  e)    44  |  2772 

c)  16  j  1432  f)     40|  2640 

5.  Could  Mr.  Jones  put  the  2142  papers  on  his  desk  into  six  equal  piles? 
Eighteen  equal  piles?    Seven  equal  piles?    Could  he  divide  $6541.29 
equally  amonp  nine  employees? 
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§ince  7  x  11  x  13  *  lO'Ol ,  to  test  whether  a  number  is  divisible  by 
7,  11,  or  13,  one  may  divide  the  number  by  1001  and  then  test  to 
see  if  the  remainder  Is  divisible  by  7,  11,  or  13.    If  the  remainder 
is  divisible  by  one  of  these,  then  so  is  the  original  number.    Test  , 
this  theory  on  the  following  numbers. 

a)     56,264  c)  363,848 


b)     275,004  d)  1,825,308 

Write  the  following  numbers  as  products  of  prime  factors. 

a)  144  d)  2000 

b)  178  '  .    e)  108 

c)  256  f)  299 

Apply  the  "sieve  of  Eratosthenes"  to  get  all  primes  less  than  150. 


Find  the  greatest  common  divisor  for  each  pair  of  numbers. 

a)  105  and  30  d)    188  and  72 

b)  72  and  54  e)    84  and  288 

c)  46  and  38 
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10.    Find  the  least  common  multiple  of  the  following, 
a)    8  and  20  d)    22  and  90 


bf    56  and  21  e)    252  and  96 


c)    A2  and  66 


"11.    Label  each  of  the  following  as  true  or  false. 

a)    6  x  5  =  A(mod  6)  d)  6»3(mod.8) 

"b)     18-  5Sl(mod  12)  f)    3A.=.7(mod  13) 

c)    7  +  A  2  5(mod  6)' 


12.     Construct  addition  and  multiplication  tables  for  a  five-minute  clock. 


13.    By  inspection,  find  the  smallest  whole  number  x  ttiat  will  make  each  of 
the  following  statements  true. 

a)    x  =  5(mod  3)  c)    x  +  A=6(mod  7) 

o)    x  +  10S9(mod  A)  d)    x  +  5  S  7 (mod  5) 

1A.    Perform  the  following  operations  and  check  by  casting  out 9's  and  ll's. 
a)    583  +  A27  c)    385  -  156 

^b)    583  x  A27 

r 
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MOD  291    Problem  Solving  Extended 

This  MOD  is  intended  to  provide  an  extended  experience  and  more  precise 
understanding  of  problem  solving. 

OBJECTIVES: 

the  conclusion  of  this  MOD  you  will  be  able  to: 
Organize  approaches  to  solve  problems. 

Understand  ways  problem  solving  would  reinforce  the  study  % 
of  standard  topics  in  the  elementary  mathematics  curriculum. 
Understand  students1  wrong  approaches  to  problem  solving.  « 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MMP,  Number  Theory 

2.  (Jrossnickle,  Bruecknef-,  and  Reckzeh:    Discover ing  Meanings  in 
Elementary  School  Mathematics  ,  fifth  edition 

PROCEDURE: 

1.  In  MMP,  Number  Theory,  do  Activity  8:  Part  A,  1;  Part  B,  1,-2,  3; 
Part  C,  1  and  2;  Part  D,  1,  2,  and  3.  Do  Actiyity  9:  Part  A,  1,  2, 
3,  4,  and  5;  Part  B,  1,  2,  3,  and  4.  *      |  * 

2.  In  Discovering  Meanings  ip  Elementary  School  Mathematics,  read 
pp.  302-316.^  ■      "     ~~  ~ 

3.  Write  answers  to  questions, 2,  3,  4,  6,  7,  9,'l<J,  and  12  on  p.  316 
in  the  text  referred  to  in  92  above. 

FINAL  ASSESSMENT:  / 

Be  prepared  to  take  a  written  test  on  activities. and  questions  from 
part  2  of  the  procedures  outlined  above. 
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MOD  292  Operations  on'Rational  Numbers 

This  MOD  is  designed  to 'give  you  practice  in  operations  an  rational  numbers. 

OBJECTIVES:  '  > 

After  you  have  completed  this  MOD  you  will  be  ablt>  to:      *  y 

1.  ,  Add  and.  subtract  fractions. 

2.  Rewrite  mixed  numbers  as  common  fractions.  . 

3.  Multiply  and  divfSe  fractions. 

4.  Combine  operations  with  complex  fractions.  >  •  1  J 
INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  * 

1.  MMP,  Rational  Numbers  ' 

2.  Houghton-Mifflin  Company  fifth  and  sixth  grade  textbooks^  .  -  % 

3.  Worksheets 

PROCEDURE: 

•  *  - 

1.  Review  operations  of  subtraction,  addition,  mul tiplication,  and  ~  . 
division  in  MMP,  Rational  Numbers. 

2.  Survey  material  in  elementary « textbooks  relative  to  operations  on ^ 
rational  numbers,  . 

3.  Complete  the  following  worksheets  individually.    Then  check  with 

your  partner 

4.  Prepare  a  game  to  reinforce  some  concept  from  above  operations. 
FINAL  ASSESSMENT:*  . 

Be  prepared  to  take  a  test  on  problems ^imilar  to  what  you  have  done 
in  the  worksheets. 
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WORKSHEET  #1 
Add: 

1.  2/3  +  3/4 

2.  7/12  +  2/15 

3.  3/5  +  1/5 

4.  '2/3  +  7/3 

5.  1/7  +  3/14 

6.  2/5  +  2/15 

7.  2/3+  3/5 
-8.    8/5  +  4/7 

9.     1/5  +  2/3  +  4/15 

10.  1/3  +  3/7  +  6/21 

11.  3/-  ^  V«  +  7/12 
12      2/5  +  7/10  +  1/15 


13.     3/7  +  1/6  +  2/15 


?  14.     2/11  +  1/3  +  4/5 


15.     5/14  +  3/35  +  7/10 
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WORKSHEET  U 
Subtract: 

0 

l.     7/9  -  2/9  13.'     3/2  +  1/6  -  //18 


2.     3/5  -  1/2 


3.     2/5  -  1/3 


4,    2/5  -  4/5  4-^3/5 


5.     1/6  -  5/12 


14.     5/3  +  2/9  -  7/27 


15.     11/36  -  5/42 


6.  3/5  -  4/<5   •  •  V 

7.  2/7  -  4/3'' 

8.  7/2  -  4/5 

9.  3/4  +  5/8  -  1/32 

10.  2/3  -11/7+  1/21 

11.  3/5  -  9/10  +  4/15 

»  • 

12.  1/4  -  5/8  +  11/12 
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WORKSHEET  #3 


W      1   a.  J  «.  1  m-  • 

nuiLipx y . 

1.     2/3  x  4/5 


11.    -2/5  x  ?/5  x  -1/5 


2.     2/3  x  5/7 


12.     -4/3  x  4/3  x  1/3 


3.     2/3  x  6/7 


4.     4/7  x  I/: 


5.     5/8  x  2/9 


13.     i 6/1  x  -5/8 


14.     246/54  x.  36/16 


6.     7/13  x  -5/9 


15.     25/14  x  7/10 


7.     -21/17  x  13/6 


8.    -4/5  x  -3/: 


9.    -2/7  x  6/-5 


10.    -3/5  x  11/4 
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WORKSHEET  //4 

1.     7/8  +  3/5  U.     3/8  r  -9/5 


2.     2/3  r  7/5 


3.  5/8 
2/3 


4.  3/7 


5.     3/4  i-  -7/8 


6.  -3/7 


n/i: 


7.     -3/8 -r  -9/5 


8.  _4_ 
2/5 


9.    -8  r  2/3 


10.     5/3  -f  15/4 


12.  16/-5-7-4/-3 


13.     -10/7--  5/-14 


14.     25/1 2   — 1  5/2^ 


15.  -3/5 
-8/1  5 
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WORKSHEET  #5 

Simplify: 

1.     1  -  1/3 
2  +  2/3 


9.     ;  -    -  S- 
1-2/7 


2.  2/3 


2  -  2/3 


10.     3  _  2 


i  -  1/7 


3.     1  +  1/6 
1  -  1/3 


4.     3  +  1/5 


2  -  3/5 


5.     3  +  3/5 


5  -  1/2 


6.     j  +  1 


1  +  1/2 


7.     i  .  1 


1  -  1/2 


8.    3  -  __2 

1  -  1/3 
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MOD  293    Transformational  Geometry  III 

*ru*~  unn  4o  ^es^r,e^  tn  aive  a  limited  introduction  to  projective  and 
topological  transformations. 

OBJECTIVES :  A 

At  the  conclusion  of  this  MOD  you  will  be  able  to: 

1.  List  some  invariants  of  projective  transformations  and  give 
everyday  examples  of  the  implications  of  these  invariants.,  , 

2.  Describe  clearly -the  relationship  between  the  concept  of 
similarity,  proportions  involving  ratios  of  corresponding 
sides,  and  shadows  of  objects  cast  by  a  point  light  source. 

3.  "List  some  topological  invariants  and  give  an  everyday 

implication  of  each. 

4.  Outline  some  activities  for  first-    r  second-graders  to  help 
them  grasp  important  topological  invariants. 

*» 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  MM?,  Transformational  Geometry 

2.  Penlight,  sunlight,  or  slide  projector,  cut-out  shapes, 
balloons,  rubber  sheet  or  "stretchy", material ,  clav,  dough, 
or  some  material  that  can  be  molded,  construction  paper, 
ruler,  scissors,  scotch  tape,  protractor,  string 

3.  Current  elementary  mathematics  textbook  series 


pkOCEDUkES : 


) 


Tn  MMP,  Transformational  Geometry,  do: 

1.  Activity  9:     1  and  2 

2.  Activity  10:    Part  I-A.O,  2,  3,  4), 

1-B    and  T-C, 
Part  IT— 1,  2,  3,  4,  5,  and  6 


3.  Activity  11 

4.  Activity  1?. 

5.  Activity  13 


I,  2,  3,  4,  5,  and  6 
1,  3,  4,  5,  and  6 
1,  2,   1,  4,  and  5 


FINAL  ASSESSMENT: 

Be  prepared  to  answer  questions  relating  to  the  objectives. 
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MOD  294    Analyzing  Elementary  School  Books 

The  purpose  of  this  MOD  is  to  allow  you  an  opportunity  to  become  familiar 
with  and  to  analyze  some  current  elementary  science  textbook  series  which 
are  being  used  by  some  school  systems. 

# 

OBJECTIVES: 

At  the  end  of  this  MOD  you  will  present  a  study  of  three  elementary^ 
science  textbook  series  which  will  reflect  relative  emphasis  on  eon- 
tent  areas,  processes,  and  amount  and  type  of  activities  contained  in 
the  series. 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

1.  Cega,  Science  in  Elementary  Education/  2nd  ed,,  pp.  14-18 

2.  Kuslan  and  Stone,  Teaching  Children  Science,  2nd  "d . ,  pp.  !58-16r) 

3.  Elementary  science  textbook  series  in  the  Resource  Center 

INSTRUCTIONS:  ^  ^ 

Select  three  elementary  science  textbook  series  found  in  the  Resource 
Center.     Review  the  textbooks  and  decide  on  an  appropriate  way^  to 
present  in  writing  a  comparison  of  the  three  series  in  terms  of  scope 
and  sequence  of  science  content  areas,  scientific  processes,  and  the 
amount  and  type  of  activities  offered.    Offer  suggestions  as  to  how  to 
best  use  the  textbooks. 

FINAL  ASSESSMENT: 

1.  Submit  ycfijr  prepared  report  co  an  instructor  in  good  form. 

2.  After  the'  ins tractor  has  read  your  report,  schedule  a  conference 
with  the  instructor  to  discuss  your  report. 
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MOD  295  -Communicating  through  Graphs  and  the  Written  Word 
COMMUNICATING 

"(SAPA)  development  in  this  category  begins  with  bar  priiph  descriptions  of 
simple  phenomena,  and  proceeds  through  describing  (in  written  or  spoken  words) 
a  variety  of  physical  objects  and  systems,  and  the  changes  in  them,  to  the 
construction  of  graphs  and  diagrams  for  observed  results  of  experiments- " 
SAPA,  Purposes,  Accomplishments,  Expectations,  p.  6. 

OBJECTIVES: 

1.  Given  a  Fahrenheit  and  a  Celsius  thermometer,  collect  data  and  plot 
a  graph  for  the  relationship  between  readings  on  the  thermometer's 
of  the  temperature  of  water. 

2.  Given  four  tables  of  data,  you  will  construct  a  grapt^for  each 
using  the,  info rmac ion  given  in  the  table. 

3.  Given  four  graphs,  you  will  interpret  the  graph  and  interpolate 
and/or  extrapolate  for  the  value  requested., 

4.  Given  the  physical  system  described  in  this  MOD  on  page  9,  you  will 
report  in  writing  what  you  see  happening  in  the  small  group 
activity  to  the  system  from  "zero  time.11 

.5.    You  will  observe  carefully  a  phenomenon  of  your  own  choice  appropri- 
ate for  use  in  an  elementary  classroom  and  write  a  description  of 
what  happens.     Select  a  phenomenon  that  will  allow  the  use  of  a 
graph. 

< 

, INSTRUCTIONAL  REFERENCES  AND  MATERIALS: 

♦ 

1.  SAPA  25,  Introduction  to  Graphing 

2.  SAPA  38,  Using  Graphs      %  u  - 

3.  SAPA  44,  Surveying  Opinion  , 

4.  SAPA  48,  The  Bouncing  Ball 

5.  This  MOD,  pp.  2-9 

6.  Gr&ph  paper 

7.  Vinegar i  baking  soda,  moth  balls 

8.  Two  thermometers,  one  Celsius,  one  Fahrenheit 

FINAL  ASSESSMENT: 

1.  Construct  a  graph  in  the  instructor's  presence  according- to 
Objective  i.  '3 

2.  Orally  interpret  a  graph  for  the  instructor  according  to  Objective  Z 

3.  Present  written  reports  fulfilling  Objectives  1,2,   3,  4,  and  5. 

ALL  GRAPHS  ANL)  REPORTS  MUST  BE  IN  GOOD  FORM. 
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PROCEDURE:  ^ 
Ina  laboratory  activitv  you  are  asked  to  g*aph  the  relationship  between  the 
Celsius  and  Fahrenheit  temperature  scales.    Use  ^^^^^^lvM 
and  one  Fahrenheit.    Take  temperatures  of  water  at  different  J«P«ratureb 
fro.  the  freezing  point  to  the  boiling  point.    Either  the  reading  on  the 
Celsius  scale  oAhe  reading  on  the  Fahrenheit  scale  may  be  co"sxderec as  the 
manipulated  variable.     If  the  Celsius  temperature  is  manipulated,  it  then 
determines  the  value  of  the  Fahrenheit  temperature. 

Now    given  a  grid,  how  are  you  to  label  the  axes  and  the  divisions  along  these 
axes?    If  C  is  the  manipulated  variable,  it  is  usually  plotted  in  the  hori- 
zontal direction;  F,  then,  is  plotted  in  t'.,e  vertical  a  -ction      C  ™ 
horizontal  and  vertical  divisions,  it  might  be  well  to  leave  space  fo -values 
of  the  temperatures  that  are  either  below  the  freezing  point  of  water  or  above 
its  SoiUng  point      Thus,  the  axes  might  be,  although  they  do  not  necessarily 
nave  to  bef  Labeled  as.shown  in  the.  graph,  MOD  295,  p.  5      You  -St  cons ider 
-  thlranee  of  your  data  and  the  number  of  graph  divisions  .in  order  to  set  up 
a  value  for  each  division.    Then  tft^data  in  the  table  you  make  may  be  plotted 
as  shown     Note  that  the  graphed  lC  is  the  smooth-straigh t  or  «^ 
that  best  fits  the  plotted  points,)  sor  that  displacements  o  ^J^^Sd'So. 
line  equal  displacements  of  po in t*,'  below  the  line      The  points  Jetermir 
laboratory  data  may  not  He  exactly  on  the  graph  that  is  finally  drawn, 
fore,  the  graph  is  a  close  approximation  to  the  facts. 

After  you  have  prepared  your!  graph,  compare  it  with  the  one  on  page 
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To  b«  consistent  with  SAPA  Instruction,  the  following  checklist  of  graphing 
conventions  Is  adapted  from  SAPA,  Guide  for  Inservlce  Instruction,  p.  123. 
In  interpreting  your  graphs  you  will  be  expected  to  use  these  conventions . 

1.  The  aanipulated  variable  Is  graphed  on  the  horizontal  or  x-axis . 

2.  The  responding  variable  Is  grsphed  on  the  verticsl  or  y-axls. 

3.  Each  axis  -is  labeled  so  ss  to  describe  what  was  observed. 

4.  The  intersection  of  the  x-sxis  with  the  y-axis  is  the  aero  or 
starting  point  of  the  x  and  y  nuaber  lines. 

5.  The  units  of  measurement  of  each  pair  of  observations  arc  indicated 
along  with  the  labels  on  the  x-axis  and  y-axis.  \ 

6.  Numerals  ere  placed  along  each  axis  In  regular  Intervals  as  on 
a  nuaber  line. 

7.  The  graph  is  constructed  on  a  grid  formed  by  horizontal  and 
vertical  lines,  each  line  heving  an^aesigned  value  as  shown  by 
the  minerals  along  the  x-axis  andyy-axis. 

8.  Numerals  along  each  axis  are  ^plated  on  the,,  vertical  and  horizontal 
lines  of  the  grid. 

9.  The  uumersl  on  the  y-sxis  where  s  horizontal  line  crosses  the  y-axis 
determines  the  y-coordlnate  of  any  point  on  the  horizontal  line. 

10.    The  numeral  on  the  x-axis  where  a  vertical  line  crosses  the  x-sxis 
determines  the  x-coordlnate  of  any  point  on  the  vertical  line. 


Consider  now  the  problem  of  graphing  the  relationship  between  Celsius  and 
Fahrenheit  temperstures.   When  C  changes  from  0  to  100,  F  changes  from  32 
to  212;  therefore,  100  Centigrade  degrees  sre  equivalent  to  100  Pehrenheit 
degrees  or  each  Centigrade  degree  is  equivalent  to  1.8  Fahrenheit  degrees. 
Thus,  you  might  write  F  -  1.8  C.    However,  this  does  not  hold  since  F  is  not 
zero  when  C  is  zero.   At  s  glance,  you  can  see  that  the  graphed  line  etarts 
at  P  -  32  when  C  -  0.    Therefore,  a  word  sentence  describing  the  relationship 
might  read  like  thla: 

The  Pehrenheit  temperature  of  a  system  is  equsl  to  thirty-two  plus 
the  quantity  of  one  and  eight-tenths  times  the  Celsius  temper;. im. 
of  that  system. 

The  algebraic  sentence  of  the  number  sentence  describing  the  same  relationship 
would  be  written  like  this: 

P  -  1.8C  +  32 

It  is  evident  that  the  algebraic  sentence  Is  more  concise. 
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Tou  mf  use  i  graph  In  order  to  Interpolate  or  extrapolate.    For  exaaple, 
given  a  Celsius     teapereture  of  110° ,  you  nay  find  the  corresponding 
Fahrenheit  teapereture  In  the  following  way: 


a)  Trace  the  horizontal  axis  to  110°C. 

b)  Trace  vertically  upward  until  the  graphed  line  Is  reached  at  Q. 

c)  Trace  left  horisontally  f roa  Q  until  the  F  axis  is  reached  at  R. 

d)  Read  the  deeired  value  of  F  at  R.   F  -  230° 

Because  the  110°  is  higher  than  any  value  of  C  plotted,  the  process  is  called 
extrapolation.   The  process  would  also  be  called  extrapolation  for  valuea  of 
C  below  0°.    In  these  cases  the  graph  is  extended  at  either  end.    If  the  steps 
shove  were  followed  for  72°C,  the  process  would  be  called  interpolation.  In 
this  case  the  value  is  found  froa  the  greph  between  the  points  initially 
plotted. 


J 


j 
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TITLB:    A  graph  shoving  the  relationship  between  Celsius  and  Fahrenheit 
temperatures. 


or 


A  graph  showing  how  Whrenhelt  temperature  varies  with  rtspect  to 

Celsius  temperaftnfe. 


-6- 

Draw  a  graph  corresponding  to  each  of  the  following  tables  of  data. 

Remember  to  giVe  the  graph  a  title  and  to-  label  the  axes.     «jyou  wish,  use  graph 
paper  provided  &  the  laboretory.    Recall  that  it  may  not  be  practical  to^draw 
a  graph  showing  the  point  (0.0).    In  some  ceses,  graphe  are  drawn  in  order  to 
show  trend*  rather\than  to  ahov  reletionahipa  to  an  abaolute,  scale. 


.Table  #1 


dial 


Table  #2 


Relationship  between  distance 
and  time  for  a  moving  object 

-    TlmeV  ' 


World  total  population  estimates 
according  to  O.N.  V  variant 


Distance 
(m) 

0 

3 

5 

9 
12 
16 
SO 


(sec)\ 

0 
1 

3 
4 

4.2 
4.6 
5.5 


Year 

1960 
1965 
1970 
1975 
1980 
1985 
1990 
1995 
2000 


Population 

2,998,180 
3,265,555 
3,544,781 
3,840,439 
4°,  147,337 
4,462,720 
4,782,859 
5,109,362 
5,448,533 


Table  #3 

Relationship  between  weights  of 
zinc  and  sulfur which  combine  to 
form  sine  eulf Ida 

I 


Zinc 

Sulfur 

(g) 

(g) 

15.4 

7.5 

32.5 

16.0 

65.4 

32.0 

81.7 

40.0 

96.0 

47.0 

122.0, 

59.5 

148.0 

72.5 

Table  »4 

Relationship  between  volume  and 
Kelvin  tempereture  of  e  gaa  at 
constant  pressure  , 


Volume 
(cc) 

348 
498 
1000 
1350 
1540 
2020 


Temperature 
<°K) 

95 
137 
273 
368 
'420 
546 


\ 


From  your  graphs  predict  from: 
Graph  I,  the  time  required  for  14  m 
Graph  2,  population  for  the  year  2025 
Graph  3,  sulfur  needed  for  200  g  of  zinc 
Graph  4,  temperature  for  1200  cc  of  the. gas 
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Non-unifora  Spe«d,  Distance  V«r*us  Tlac 
60.  —  — 


Nuabar  o 

2 

!: 

1 


o 
u 


Von  Plotted  against  Cant  of  Baar  Coaauacd 


Balght  of  Plant  faottad  ajainat  T1m  of  Growth 


28 
24 
20 
16 


f 

a  12 


A 

I 

f  - 

0 


0  1  2   3  4  5  6   7   •  9  10  11  12  13  14  15 

tim  (days)  WO  295 
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Add 


Physical- '.yetes  referred  to  In  objective  3: 
Work  with  a  group  of  4  or  5  .tudente  for  this  activity. 

your  ob.erv.tion.  «n  five,  -ou  practice  ^jTSSr.SlS. 
Sharing  with  your  clashes  ehould  help  you  with  both  of  the..  .Mix.. 

Remember  to  be  as  quantitative  as  possible. 


TSMEP 


MOD  296  Soil  Henatode 

Observing,  classifying 


OBJECTIVES : 


i 


.1. 


2. 


3. 


4. 


5. 


the  solfecology  kit  in  £he  MOO  tr.y.  you  will  collect  a 
of  Kll  Sl5c«.  it  for  the  purpose  of  «t»  Mng  the 

Sier^sJn'ins  .  soil  .-PL  you  will  he  able  to  use  the  apparatus 

ST£  Xn1^  will  be  a- 

£ !L!2?rste  the.  anTfix  the*  with  an  FAA  solution. 
JftTSSM  the  ne-atod.   you  f^ZTl^s 

under  the\lcroscope  to  detewiine  the  number  of  kinds  of  nematoda 

Russifying  th.  nen.tcd.  ln  group^yon  will  he  .hi.  to 
prepere  drawing,  showing  the  distinguishing  characteristic (s) 
«.ch  group. 


TNSTRUCTIORAL  REFERENCES  &  MATERIALS: 


Soll  ecology  kit 

Soil  .anple  coll.ct.d  by  th.  .tudent 

General  Information  Section  II,  pp.  4-6  of  this  MOD 
General  zoology  references  on  invertebrates 

Genera  biology  twtt.  -i...ware    etereoecopic  microscope 

FAA  solution,  general  Uborstorfy  gl.sswsre,  si"'"  v 

FINAL  ASSESSMENT: 

See  objective,  above.  Drawing,  of  nenatods  should  be  made  so  thst  the 
SivlduS  d!egVaT  «e  not  s-sll.r  than  2  Inche.  in  length. 


1. 
2. 
3. 
4. 
5* 
6. 
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General  Information 


Good  .oil.  g^er.liy  .re  -^0frua^o^b.:i^^lrt:^feaL:p^n"^  black 
material..    »•  organie  material  or  ^  '»  J    capacity  of  .oil.  In 
color,  to  tolls   and  aleo   increase  *h«  hoi ding C*P      *      a(?d8  ba8lc 

Edition,  organic  material,  a.  it  M,«us  content  are 

inorganic  mbitncM  to  the  soil.    Soil.  that  ao  no  protozoans,  insects. 

vons.  and  neaatods.    Soils  twit  nave  a  nu-iw  .*.hilitv  of  the  umus 

ZZimU,         U  ™tri««  c«t«t  ^r.0^.;"^  "L°h  hL.  and 

nematode  .r.  pre.ent. 

He-atca.  are  .  group  of  organic  at  the the  .cala  anW 
h  .r.rchy.    By  referring  topp •^^^.tJ^t^thl»-ti*.  construction 
,  to  that  nematode  are  .impl.  anlM^„.  "a._"  both  a  mouth  .nd  an  anus 
aod  .  telM  body  cvity.    The  orgMiam.  *Z^JZ£L*£a  by  pawing  soil  and 
connected  by  •  .traight  digestive  tube.    They  ™    . 'J  ■etaboliwi 

^rgani/contant  through  the  dl«^  ^n^:;e8^0^f ^hVinorg.nic  content 

break,  down  ouch  of  the  0**™ V   £^er  t£t  plants  need\org.nic  nutrients 
which  la  than  voided  to  the  •oil.    Remember  that  pian  j 
a.  a  neceasary  requirement  for  growth. 

Activities 

1.    Soil  a-,1.  collection:    Using  the  .oil L.Coop  ^-^^ ~  £  to 
of  0011.    The  .oil  .hould  be  enacted  during  "e^inte  d  ^ 

•nrly  f.ll  to  Inaure  the  ?™*<*\ *  °T?£\  beiio  inaure  that  it 

taken  fro.  a  garden  plot,  flower  bed,  or  near  a  .trea»  ^  ^ 

ha.  .n  adoquate  moiature  content.    After  removing  the  d  y  top  rlB. 

1,  i»ch  of  top  .oil,  pre.,  the ^J^Ld  in  the  scoop  when  it 
J.  S^TTSC •  S^So^ro.  the  scoop  into  .  16  o,  ,ar  , 
and  taka  It  to  tha  laboratory* 

.  .    *      .  4w>  +u+  mod  trav  to  form  the  apparatus  shown 

2.  Assails  the  aateriala  found  in  tha  MOD  tray  to 

  Funnel 


rt 


stand 


7  'Plastic  tubing 
-    Screw  clamp 
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3.  Pulverise  the  soil  with  your  hands  by  crushing  and  broking  the  larger 
place*. 

4.  Using  •  portion  of  a  nylon  stocking,  which  you  provide,  make  a  bag  to 
hold  tha  soil  sample. 

5.  Place  tha  bag  of  toil  Into  tha  funnel  and  add  enough  warm  water  to  tV 
funnel  to  cover  tha  soil  In  tha  bag. 

6.  Allow  tha  apparatus  to  stand  in  a  warn  room  for  3  hours. 

7.  At  tha  and  of  3  hours,  open  tha  damp  on  the  plastic  tubing  and  drain  off 
about  3  ml.  of  the  water  in  the  funnel. 

8.  Four  tha  sanpla  of  water  into  a  dish  and  examine  the  concents  under  the 
staraoocopic  microscope. 

».    If  nematoda  are  preaent.  add  1  ml.  of  an  FAA  solution  (formalin,  acetic  acid, 
aicoJoirhlated  to  60°C.    Mix  tha  contenta.    After  the  nematode  stop  moving, 
picfche.  out  of  tha  solution  with  a  fine  pipatte  and  place  them  along  with  some 
sol*  -ion  into  a  small  screw-capped  vial. 

10.  lapaat  steps  2,  8.  snd  9  until  you  have  collected  several  kinds  of  nematods. 

11.  Claeelfy  and  draw  the  various  kinds  of  nematods.  Present  to  the  instructor 
tha  collected  nematods,  along  with  your  drawings. 
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Genera\  Information 

The  living  kingdom  of  plants  and  animals  la  divided  Into  four  main  categories 
on  the  bat  is  of  specific  characteristics.    These  four  categories,  along  with 
some  of  the  distinguishing  characteristics ,  are: 

Single-celled  organisms  having  no  definite  nucleus  In  the  cell, 
(bacteria  and  blue-green  algae) 

Single  and  multlcelled  organisms  lacking  definite  tissues  or 
organ  level  structures,    (algae y  fungi,  a  lime  molds,  and 
protozoa) 

Multicellular  plants.    Living  tissues  and  organ  level  structures 
(moesefc,  liverworts,  ferns,  conifers,  and  deciduous  plants) 
Multicellular  animals   having  tissues  end  organ  level  structures 
(all  aniiwrte  above  the  protpsoan  level) 


Group  Metier  a: 
Group  Protista: 

Group  Metaphyta: 
Group  Metaxoa: 


In  this  HDD  you  will  be  concerned  with  animals  In  the  Metosoa  group  only. 
Monera,  Protista,  and  Mgtaphyta  are  considered  In  MODs  202,  251,  and  273. 


The 


Activities  '  \ 

The  student  will  learn  the  following  animal  types  by  associating  specimens 
placed  In  RB  243  with  the  names  and  descriptions  given  below. 

NOTE:    The  animal  fcLngdon  is  divided  Into  two  main  groups:    the  Invertebrates 
and  the  vertebrates.    The  invertjebrates  do  not  possess  an  Internal  skeleton. 
Invertebrates  usually  have  an  ekoskeleton  which  Is  a  hardened  outside  covering. 
Vertebrates  have  an  Internal  skeleton  or  backbone  supporting  structure. 

Main  Group  I  -  Invertebrates:    Organisms  having  an  exoskeleton,  ventral  solid 

nerve  cord. 


Sponges 


Hydrold*,  Jellyfish,  Corals 


Flatworms 


Simple  tubular  organisms  having  a  body  wall  made 
\up  6$  an  outer  protective  layer  (ectoderm)  end 
An  Inier  digestive  layer  (endoderm) .  Have 
spicules  or  protein  fibers  to  strengthen  the  body 
wall.    Ha^f  one  opening  Into  the  digestive 
cavity  serving  as  mouth  and  anus. 


Similar  to  sponges  but  having  a  special  layer  of 
tissue  called  a  mssoglea  between  the  outer  and 
Inner  body  wall  layers.    Have  one  opening  Into 
the  digestive  cavity  serving  as  wouth  and  anus. 

Similar  to  hydrolds  but  are  flattened  dorso- 
vent rally  to  be  flat  organisms.  Meaoglea 
developed  Into  a  true  third  body  layer  celled  a 
mesoderm.   Mesoderm  fills  the  space  between  the 
eridoderm  and  ectoderm  layers,  therefore  no  body 
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ftound  Won* 


Segaanted  Wonca 


Molluska 


Arthropods 

a.  Crayfish ,  Lrbatars, 
and  Shrlv> 

b.  Spidars  and  Scorplona 

c.  Cantlptidaa 

d.  Mlllipadaa 
a.  Insects 

Star-fish 


Main  Group  II  -  Vertebratea: 


cavity.    Have  one  opening  Into  the  digestive 
cavity  serving  as  south  and  anus,  (free 
living  flatworms,  tapeworms,  and  flukes) 

Simple  round  tubular  organlsss  having  a  hollow 
•pace  or  cavity  between  external  body  wall 
(ectoderm)  and  digestive  tube.   Mesoderm  forming 
tissues  as  muscles,  reproductive  structures  and 
excretory  organs  that  lie  between  body  wall  and 
digestive  tube.    Have  separate  openings  into 
digestive  cavity  serving  aa  a  south  and  an  anus. 

Elongate  tubular  worm-like  organisms  having  a 
true  body  cavity  between  gut  tube  and  body  wall. 
Is  called  a  true  body  cavity  because  it  is  lined 
with  a  special  membrene.    (earthworms  and  leeches) 

Organlsss  usually  having  calcareous  inner  or 
outer  shells.    Having  a  head,  foot,  and  hump  as 
body  parts,    (clams,  snails,  oysters,  squids,  end 
octopuses) 

Organise*  having  well-developed  jointed  appendages 
Have  5  pairs  of  walking  legs  and  2  pairs  of 
antennae. 

Have  4  pairs  of  wslking  lsgs  and  no  antennae. 
Have  many  pairs  of  walking  legs  but  only  one  pair 
per  segment  and  only  one  pair  of  antennae. 
Have  many  pairs  of  wslking  legs,  two  pairs  on 
each  segment,  and  have  one  pair  of  antennae. 
Have  three  pairs  of  walking  legs  and  one  pair 
of  antennas.   May  or  may  not  have  wings. 

Organisms  sdspted  to  a  sedentary  or  non-motile 
existence.    Have  basically  a  star  configuration, 
(starfieh,  %ea  cucumbers,  sand  dollars,  and 
sea  urchlnef) 

Organisms  having  an  endoskeleton,  dorsal  hollow 
nerve  cord,  digestiva  trsct  ventral  to  nerve 
cord  and  brain. 


gape 


Jewless,  Bound  Mouth  to 


Sharks,  Skates 


Fish-like  organisms  having  no  Jaws,  no  appendagee 
and  no  bone.    Gill  breathing.   Mouth  is  s  round 
; sucker  and  skeleton  Is  cartilage.    Heart  has 
two  chambers,  (lampreys) 

Pish-like  animals.    Gill  breathing,  with  upper 
and  lower  movable  jaws.   Have  fins  for  appendages 
and  sksleon  is  made  entirely  of  cartilage.  Two 
chambered  hesrt. 
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TtuA  Flehes 


Amphibians 


Reptiles 


Bird* 


Mammals 


Glll-brMthing  fish  usually  with  dermal  scales 
and  having  fins  for  appendages.  Two-chambered 
heart*    Skeleton  made  of  bone. 

Lung-breathing  animals  with  two  pairs  of  limbs. 
Have  an  external  allay  skin.  Three-chambered 
heart*    (frogs ,  toads,  newts,  and  salamanders) 

Lung-breathing  animals  usually  with  2  pairs  of 
appendages.    Have  an  outer  dry  scaly  epidermal 
covering.    Three-chambered  heart 9  except 
alligator  and  crocodile   with  four  chambers, 
(snakes,  turtles*  llsards,  crocodiles*  alligators) 

Lung-breathing 9  two  pairs  of  appendages,  four 
heart  chambers,  and  epidermal  feathers,  warm* 
blooded. 

Lung-breathing 9  two  pairs  of  appendages,  four 
heart  chambers.  Have  hair  and  milk-secretlntt 
ms— srv  glands- 


The  group  of  mammals  contains  17  subgroups  in  which  are  pieced  animals  like 
cattle,  pigs,  horses,  elephants,  cats,  dogs,  whales,  rats,  rabbits,  shrews, 

«  m   «  mm  -a  M  m,  m  «        _  1  —  — _  J  £4  4  £  4  4 


 w     r — V~  V  '     _  W  T  ■  ■  •  ■  —  V  V 

bats,  kangaroos,  ten,  and  a  few  others, 
given  below. 

Phylum  Vertebrate 
Claas  Hamalla 
Order  Primate 

Super  Family  -  Hoalnoldea 
Family  Homlnldae 
Genus  -  species  - 
Homo  sapiens 


The  total  classification  for  man  is 


all  vertebrates 
all  mammals 

apea,  larsiers,  monkeys,  gorillas,  man 
epos,  gorilla,  man 
man  and  gorilla 


only 


Mote: .  You  are  urged  to  study  again  from  MOD  204  the  three  film  loops  that 
concern  frog  embryology;  they  will  help  you  understand  basic  body  plan. 


9 
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MOD  297   .Correlating  Manipulates  for  Multiplication  and  Division  i|rith 
.Elementary  -Textbooks  / 

This  MOD  is  designed  to  allow  you  to  explore  the  procedure  used  by  kn 
elementary  textbook  series  in  teaching  multiplication  and  division/to 
elementary  children  and  to  develop  a  plan  for  effectively  utilizing 
manipulatives.  to  enhance  the  process. 

OBJECTIVES:  \ 

At  the  conclusion  of  this  MOD  you  will  present  a  written,  defiled 
plan  for  the  use  of  manipulatives  for  teaching  multiplication  and  division 
and  will  demonstrate  the  use  of  the  manipulatives.  1  \ 

INSTRUCTIONAL  REFERENCES  AND  MATERIALS:  "  \ 

1.  Kentucky  Textbook  Adoption  List  in  Resource  Center 

2.  Elementary  textbooks  in  Resource  Center 

3.  Manipulatives  in  Resource  Center* 

4.  References  on  use  of  manipulatives  in  Resource  Center 

PROCEDURES :  \ 

1.  Identify  a  school  system  in  Kentucky  of  your  choice. 

2.  Determine  a  math  series  which  has  been  adopted  by  that  system. 

3.  Review  the  textbook  series  identified  to  discover  the  grade 
level  where  greatest  emphasis  is  placed  on  multiplication  and 

division.  .  fcj„«. 

A.    Develop  a  thorough  written  plan  for  effective  use  of  manipulatives. 
for  teaching  multiplication  and  division  at  the  identified  grade 

level.  .        ,  j  i 

5.  Be  able  to  demonstrate  the  manipulatives  utilized  in  your  plan. 

FINAL  ASSESSMENT: 

1.  Present  in  good  form  the  plan  you  have  developed  for  using 
manipulatives  cfor  teaching  multiplication  and  division  along 
with  any  exercise  sheets  needed. 

2.  Be  prepared  to  discuss  your  plan  and  demonstrate  the  use  ot 
the  manipulatives. 
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University  of  Oklahoma 
Science  Education  Center 
Norman,  Oklahoma  73019 
June,  1979  - 

"i 

In  September,  1977,  John  W.  Renner  agreed  to*  head  a  team  to  do  a  long-term 
evaluation  of  the  Integrated  Science  Mathematics  Education  Pre ]ect  (ISMEP)  beginning 
at  Murray  State  College,  Murray,  Kentucky.     The  team  consisted  of  Renner  and  two 
experienced  gradual  --student  interviewers,  S.  Margaret  Kennedy  and  Michael  J. 
Renner.    The  evaluation  was  to  consist  of  administering  written  texts  and  conducting 
personal  interviews  to  determine  levels  of  intellectual  development  as  defined  and 
illustrated  by  Jean  Piaget.    The  data  gathered  in  1977  were  supplied  to  the  ISMEP 
in  two  reports;  one  report  was  dated  September  8,  1977  and  the  other  September  5, 
1978.     Those  two  recorts  constitute  the  baseline  data  for  the  current  report. 

The  personal  interviews  with  the  students  were  conducted  according  to  the 
interviewing  protocols  shown  in  Appendix  A.    Each  interviewer  conducted  the 
interview  with  the  sanu.  student  in  September,  1977,  and  May,  1979.     M.  Renner .and 
Kennedy  had  been  taught  to  administer  the  interview  by  J.  Renner  and  data  have' 
shown  that  M.  Renner  and  Kennedy  conduct  the  interviews  In  a  statistically 
e*quivalent  manner.     All  interviews  were  conducted  within  two  day  periods  in 
1977  and  1979. 

In  addition  to  evaluating  the  intellectual  development  gains  (or  losses)  made 
by  the  students  at  Murray  State  University,  the  evaluation  team  also  agreed  to  do 
an  evaluation  of  the  irathematic^  c/mpentencies  gained  (or  lost!  during  period  of 
the  experiment.    We  have  concluded  that  special  problems  exist  in  the  mathematics 
competencies  of  the  IS*MEP  students  and  those  problems  will  be  discussed  in  Part  II 
of  this  report. 

Part  I  of  the  report  contains  all  the  data  relating  to  the  intellectual 
developments  p  ins  (or  losses)  of  the  ISMEP  students.     Since  some  ol  those  data 
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deal  with  quantitative,  factors,  some  of  those  data  are  referred  to  again  in 
Part  II. 

-   The  design  of  tnis  evaluation  was  control  group,  experimental  group.  The 
experimental  group  consisted  of  students  from  the  ISMEP.    Tie  control  -group  consisted 
of  students  selected  from  the  general  student  body  of  Murray  State  College.  The 
evaluators  were  not  aware  of  the  criteria  used  to  select  the  control  group  (nor  was 
there  a  need  from  thetr  to  know).     Furthermore,  the  evaluators  were  not  awgre^f 
which  students  belo^H        the  experimental  group  nor  which  to  the  control^rouj. 
until  after  all  in.orvie.ws  had  been  conducted  and  all  written  work  Scored_in_MaZ, 
1979.    The  membership  of  each  group  was  i     ,ided  to  J.  Renner  by  the  Director  of 
th6  ISMEP  by  telephpne  on  May  28,  1979. 

e  In  September,  1977,  a  total  of  48  Murray  State  University  students  was  inter- 
viewed.    In  May,  1979,  27  Murray  State  University  students  were  interviewed.  Of 
that  group  15  were  members  of  the  experimental  group  and  12^were  members  of  the 
control  «roup.    One  additional  student  Lou  Ann  kinard-a  control  group  student- 
completed  all  the  written  evaluations  but  did  not  appear  for  the  interview  either  in 
1977  or  1979.      She  was  therefore,  dropped  from  the  evaluation  describepJP*art  I. 

The  samples  upon  which  the  ISMEP  is  evaluated,  therefore,  are  small.  Any 
generalization  made  about  the  ISMEP  have  been  made  with  that  fact  in  mind.  The 
sample  size  will  not  be .mentioned  again  but  the  reader  must  be  constantly  aware  of 
it.     Furthermore,  ail  statistical  data  reported  were  arrived  at  using  statistical 
procedures  which  are  proper  for  small-samples. 

A  second  fact  should  be  kept  in  mind  when  perusing  the  statistical  data  found 
in  this  report.     Two  .roups  were  compared  on  several  different  comp.t.ncie.  to  ... 
whether  or  not  dif  erences  existed  between  them.     In  other  words,  the  hypothesis 
t;,«,  was  .statistic  Uy  tested  «h  tho.nuil-.orno  dlf fcrrnc-hypotheHl..    To  simplify 
data  interpretation  the  null  hypothesis  is  made  and  then  tested  for  its  probable. 
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truth  or  falsity.  As  in  testing  any  hypothesis,  there  is  a  probabilistic  the 
results  obtained  could  have  happened  by  chance.    The  statistical  levels  reported 

here  give  the  probability  that  the  results  reported  could. have  been  attained  by 

ft 

chance,  given  that  the  null  hypothesis  is  true. 

Two  kinds  of  error  can  occur  in  the  statistical  testing  of  an  hypothesis. 

« 

There  is  a  probab  iity  of  rejecting  a  true  hypothesis— Type  I  error-or  accepting  a 
false  hypothesis— Type  II  error.     The  type  of  error  most  serious  in  testing  any 
hypothesis  depends,  of  course,  upon  the  seriousness  of  the  consequences  of  that 
type  of  error.     Statistical  levels  are  then  adjusted  to  lrinin  ize  the  risk  of  making 
the  type  of  error  which  is  to  be  ^voided. 

Controlling  tbe^  probability  of  making  a  Type  I  error  is  simple;  a  level  of 
^      probability  is  set  and  all  interpretations  are  made  in  terms  of  it.     Coranon  practice 
usually  is  to  select  the  level  of  five  percent  as  the  level  to'use  to  avoid  T^y 
I  error  (although  tha*.  "common  practice"  has  something  less  than  a  sound  scientific 
basis  for  its  establishment) . 

The  probability  3 svel  (level  of  significance)  necessary  to  avoid  Type  II  error' 
is  not  so  simply  ,'etermined.    This  report  is  not  the  place  to  discuss  that  procedure. 
The  reader  should  be  awarei  however,  that  in  the  opinion  of  most  persons  engaged  in 
statistical  evaluations  of  curriculum  work,  avoiding  Type  II  error  is  more  important  - 
(in  the  opinion  of  J..  Renner,  much,  much  more  important)  chan  is  avdiding  Type  I  , 
error.     To  reduce  the  probability  of  making  a  Type  41  error'the  level  of  signifi- 
cance  for  statistical  tests  is  raised.    Whereas  a  five  percent  level  might  be  used 
to  avoid  making  a  Type  I  error,  that  level  can  be  raised  to  thej.0,  15,  20,  or  even 
2b  per  cent  level  to  avoid  uuking  a  Type  II  error.    The  I.  vol  used  wlLl  depend  upon 
the  relative  importance  of  making  both  kinds  of  errors  because  as  the  probability 
of  making  a  Type  II  e  ror  decreases,  the  probability  of  making  a  Type  I  error 
increases.  * 
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Thoa^  operating  r  curriculum  project  must  decide  which  type  of  error  is  most 
harmful  to  -lie  final  determination  of  the  worth  of  the  project  and  then  make  a 
decision  about  levil  of  significance  in  terms  of  that  decision.     In  the  opinion 
of  J.^Retfner  making  a.  Type  I  error  in  curriculum  research  generally  results  in 
^The  expenditure  on unracessary  funds.    But  making  a  Type  II  error  can  result  in 

J 

discarding  curricula  tnat  are  beneficial  to  students  and  do  considerable  educa- 
tional harm.    For  that  reason,  J.  Renner  has  usually  been  willing  in  curriculum 
research  to  risk  Type  I  error,    Th^t  meafis  that  significance  levels  of  10,  15, 
or  20  percent  are  ^^eptable.    The  reader  shoUld  keep  that  fgct  in  mind  when 
reading  the  interpretation  of  the  statistical  task  included  in  this  report. 

v  "  ' 

A  PART  I 

i 

w.  The  Interviews.    The  results  of  interviewing  Itll  27  Murray  State  University  students 

are  found  in  Table  I.    A  total  interview  score  is  found  in  the  extreme  right-hand  >w  , 

♦  f 

colum  in  Table  I.     To  arrive  at  that  score  point  values  must  be  attached  to  the 
Roman-numeral,  letter  designations.    The  point  values  attached  are:     III  B  ■  4  points, 
III  A  -  3  points,  II  B  -  2  points  and  II  A  -  1  point.    The  experimental-group 
students  are  designated  in  Table  I  with  an  asterisk.        *  - 


The  "Difference  Score"  column  of  Table  II  shows  the  gfcins  and/or  ire*es  made 


id /or  IffS^es  ma< 
)1  group  w^fc  1J 


v 

by  the  students  in  both  groups.  The  mean  gain  made  by  the  control  grotip  w^fc  1*42 
and  thfe  mean  gain  made  by  the  experimental  group  was  2.60.  Afflcomputer-ctelculated 


V 


statistical  analysis  of  those  data  demonstrated  that  the  difference  itOnean  gain 

scores  favored  the  experimental  group  at  the  13.62  per  cent  les^l*     If  Type  II 

error  is  the  type  to  be  avoided,  that  difference  is  significant.     If  Type, I  error 

isr  the  type  to  be  woided  that  difference  is  not  significant.  -  ♦  1 

* 

Consider  the  data  in  Table  III.    J.  Renner  believes  there  is  a  significant 
factor  shown  in  those  data.    Notice  hdw  the  lower  scores  in  the  pre-projec\  interview 
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% 

] ABLE  I 

POST-PROJE 

CT  INTERVIEW  RESULTS 

CONSERVATION  PROPORTIONAL 

*  SEPARATION 

COMBINATIONAL 

TOTAL 

REkSONING 

of  VARIABLES 

REASONING 

IIB 

IIIB 

t  -r  T*  ft 

IIIA 

IIIA 

12 

IIA 

JIB 

i 

I  IIA 

IIIA 

9 

IIIA 

IIIA* 

IIIA 

IIB 

11 

IIA 

IIB 

IIA 

IIB 

6 

IIIA 

IIIA 

IIIA 

IIB 

'  11 

IIIA 

IIIB 

IIB 

I  IB 

11  o 

IIA 

I  IB 

m 

IIA 

I  IB 

.  6 

IIIA 

I  T  A 

II  lb 

IIIA 

11  • 

IIIA 

IIB 

IIIB 

I  IB 

11 

IIB 

IIIA 

I  IIA 

UK 

"10 

IIIA 

IIIB 

IIIA 

IIB 

12 

IIIA 

IIA 

IIIA 

I  IB 

9 

lib 

1 1  Il>  s 

1 1  IA 

II.B 

11 

IIIA 

IIIA 

IIIB 

IIIB 

14 

IIIA 

IIB 

1 1  IA 

11B 

10 

IIIA 

IIIA 

IIIA 

IIIA 

12 

IIIA 

IIIB 

1 1  IA 

IIIA 

13 

IIIA 

IIIA 

I  IIA 

IIIA 

12 

I'll  A 

J11A 

I  IIA 

IIB 

11 

*1  I  \\ 

1 1  B 

f  i  IA 

IIB 

9 

IIIA 

1  IIA 

IIIB 

l  IIA 

13 

TIT) 

T  I  R 

I  IB 

IIB 

8 

!  MA 

If  !  A 

!  I  IA 

■  IIB 

11 

IIIA 

I  ifiA 

I  !  JA 

I  IIA 

12 

3  1  1A 

A 

I  IB 

IIB 

9  - 

I  IIA 

IMA* 

,  IIIB 

11B 

.12 

I  T  IA 

\  1  IB 

\  IIIA 

1  IB 

10 

*• 
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'I  ABLE  11 

-r.RENCLS  SCORES        PRE  -  PRO  ]E(*T  AND  HOS'I  -PROJECT 


NAME 


EXPERIMENTAL  GROUP 


RE-PROJECT  SCORE 

%     


12 
10 
9 
I 
b 
6 
b 
1? 
9 

11 
A 


POST-PROJECT  SCORE        DUFF  RENCE  SCORE 


11 

b 

9 


13 

i 

11 

i 

11 

- 

? 

11 

A 

11 

10 

A 

3 

11 

-1 

V 

3 

IV* 

? 

11 

? 

9 

12 

(. 

12 

3 

1 

K) 

CONTROL.  r.'-.Ol'P 


9 

9 

0 

11 

0 

6 

6 

0 

7 

6 

.  i 
* 

10 

1? 

1 

10  , 

1 A 

A 

9 

.10 

1 

8 

,  12 

"A 

9 

13 

A 

7 

8 

1 

8 

11 

3 

10 

9 

-1 
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TABLE  III 

INTELLECTUAL  MOVEMENT  "N  THE  EXPERIMENTAL  GROUP  VS.  THE  CONTROL  GROUP 


INTERVIEW 
SCORE 


1 
2 
3 
.  A 
5 
6 
7 
8 
9 

10 
11 
-12 
13 
14 
15 


CONTROL  GROUP 


Pre-Proje.t  Score 


1 

2 
1 

3 

3 
1 


Post-Project  Score 


1 

2 

1 
2 
2 
1 
1 


Pre-Project  Score 


EXPERIMENTAL  GROUP 

Post-Project  iicore 


1 


2 
2 


2 
6 
3 
2 


ERIC 


712 


-8-  » 

remain  in  the  post-project  interview  in  the  control  group.    Now  notice  the  differ- 
ence in  the  pre-  anc  post-  project  scores  in  the  experimenc.il  group.     No  score  below 
9  is  found.     Furthermt  :e  11  scores  (73  per  cent)  are  found  at  the  score  of  11  and 
above  in  the  experimental  group  while  6  scores  (50  per  cent)  a.e  found  at  the  score 
of  11  and  above  in  the  control  group* 

Those  data  sug.est  that  the  experiences  of  the  ISMEP  group  are  effective  in 
moving  students  ou.  of  the  concrete  .thought  period  and  into  at  least  the  period  of 
'  translation  between  ccncrete  and  formal  thought.     The  experiences  the     ntrol  group 
had  seem  to  do  little  to  move  them  out  of  the  concrete  thought  period.     (As  a  rule-  , 
of-thumb,  scores  of  ei-ht  and  below  probably  represent  concret-   thought,  scores 
'of9  and  10  probably  represent'  thought  in  transistion  between  concrete  and  tPrmal 
thought  and  scores  of  11  and  above  probably  represent . reasonably  formal  thought.) 
The  data  in  Table  .11  suggest  that  students  in  the  ISMEP  have  a  better  chance  of 
entering  the  formal  thought  period  than  do  those  students  in  the  general  programs 
of  Murray  State  University.     In  the  complete  interview,  three  of  the  tasks  permitted 
a  student  to  demonstra:e  the  highest  level  of  formal  thought.     Those  tasks  are. (see 
Appendix  A)  the  ber.ding  rods  tasks,  the  balance  beam  task  r.nd  the  chemical  combina- 
tions  tasks.     The    ending  rods  tasks  demands  that  the  stud.nt  be  able  to  cogaitiVely 
separate  and  control  variables  while  solving  a  problem.     Tne  balance  beam  task^) 
requires  proportional    easoning  and  the  chemical  combination  task  require  the  uife 

of  combinational  logics 

A  statistical  analysis 'was  made  of  the  differences  in  the  pre-project  and,  post-  . 

a 

project  performances  of  the  experimental  and  control  groups  on  each  task.  That 
analysis  revealed  that  there  were  no  dirferences  between  the  gains  made  by  the 
experimental  and  control  group  in  their  ability  to  use  combinational  logic  and 
proportioned"  reasoning.     The  experimental  group,  however,  significantly  outgained 
the  control  group  on  the  ability  to  coghitively  separate  anc  control  -variables . 
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The  level  of  statistical  significance  was  3.5  per  cent — the  most  statistically 
significant  finding  ii  the  entire  evaluation. 

m 

Data  from  work  d3ne  by  Robert  Fuller  at  the  University  ot  Nebraska  suggests 
that  the  ability  to  separate  and  control  variables  must  be  developed  before  formal 
thought  can  fully  aevelop.     The  fact  that  the  experiences  of  the  1SMEP  group  have 

led  them  to  far  e.%  eed  the  general  Murray  State  University  students  on  the  ability 

r  ... 

to  separate  and  concfol  variables  suggests  that  students  iu  the  ISMEP  group  will 
leave  the  concrete  period  and  enter  at  least  the  transitional-formal  period  more 
raflljdiy  than  the  students  in  the  control  group.    That  suggestion  is  -at  least  parti- 
ally corroborated  by  the  data  rno*m  in  Tab^e  III.* 

The  analysis  *>f  the  interview  data  lead  to  at  least  one  definite  conclusion.  The 
experiences  the  ISTEP  students  are  having  are  leading  them  to  develop  the  cognitive 
ability  to  separate  ard  control  variabLes  far  in  excess  of  their  Murray  State  peers. 

The  Group  Embedded  Fig/ires  Test.  ' 
When  a  student  reacts  f  tl,    apparatus  used  in  conducting  the  interviews  just  dis- 
cussed x  perception   >f  the  apparatus  and  the  problem  to  be  solved  using  it  must  occur* 


If  the  student  can  el  pe^eive  :he  oro'»tem  to  bs  solved  with  apparatus,  the  chances 
of  the  problem  being  soIxfMrseem  to  be  decreased. 


Data  exist1  thr>     Jemonst-a^e  that  the  cognitive  characteristics  of  the  Murray 

State  University  scucents  that  were  being  evaluated  fall  into  the  general  area  of 

2 

perceptual  field  -  dependence  independence.     The  Group  Embedded  Figures  Test 
(GEFT)  purports  fen  discriminate  between  field  dependent  and  field  independent 
thinkers.     In  addition,   the  manual  for  this  test  states: 


1.  Philip  K.  Oltman,  Evelyn  Raskin  and  Herman  A.  Witkin*  Group  Embedded  Figures 
Test  Manual  (P*lc  Alto,  California:    Consulting  Psychological  Press,  1971). 

2.  *  Philip  K.  Oltman,  Evelyn  Raskin  and  Herman  A ^  Witkin,  Gro  p  Embedded  Figures 

Test  (Palo  Alto,  California:  Consulting  Psychological  Press,  1971). 
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.  .  .  persons  who  have  difficulty  disembedding  small  figures  from  complex 
designs  in  the  EFT  tend  to  do  less^well  in  solving  that  class  of  problems 
which  require  isolating  an  essential  element  fron^the  context  in  wh'ch  it 
is  presented  and  u-.ing  it  in  a  different  context. 

The  foregoing  quotation  strongly  suggests  that  a  person  who  does  well  on  the  KFT 
would  also  do  well,  on  those  college  and  life  tasks  which  demand  that  decisions  be 
made  which  reflect  purpose  for  and  understanding  of  a  situation  regardless  of  the 
background  and  setting  in  which  that  situation  is  found.     In  short,  the  GEFT 
suggests  it  can  measure* independent  thinking  which  is  a  characteristic  a  college  . 

education  should  foster.  /  > 

The  G|FT  was  administered  to  the  control  arid  experimental  group  students  at  ' 
Murray  State  University.     The  results  are  shown  in  Table  IV.    A  computer  analysis 
of  the  data  shown  in  Table  IV  'emonstrated  that  the  gains  on  the  GEFT  favored  the 
experimental  group.     The  experimental  groups  gain  were  statistically  significantly 
better  than  the  gains  na^e  by  the  control  group  at  7:8  per  cent  level.     (Once  again 

consider  the  type  of  £rror  to  be  avoided  when  interpreting  those  results).  Those 

/ 

data  suggest  that  the  iSMEP  students  are  gaining  more  field  independent  thought 
than  arc,  the  gener.l  students  at  Murray  State  University. 

The  Science  Problemi .     The  Science  Education  Tenter,  University  of  Oklahoma,  has 
done  considerable  work  using  science  problems  to  measure  intelluctual  development. 
The  Murray  State  Students  were  asked  to  respond  in- writing  to  the  four  problems 
which  have  been  found  to  be  the  best  among  all  of  those  used      Those  problems  are 

included  A»  Append. x  B.     The  pre-project  and  post-project  scores  and  the  gains  or 

losses  of  each  stu-ent  in  both  groups  are  shown  in  Table- V. 


3.  Oltman,  Raskin  anc.  Witkin,  Manual,  p.  6. 

4.  John  W.  Renner,  Evaluating  Intellectual  P^r™^^ 

Selected  Science  Problems"  Science  Education  Center,  University  of  Oklahoma,  ?977. 
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NAME 


4  •  TABLE  IV 

PRC-PROJECT .  POST-PROJECT%SOUP  EMBEDDED  FIGURE  TEST  RESULTS 

~~~~  "~  ~  V 

/  GROUP  EMBEDDED  FIGURE^  TEST 


EXPERIMENTAL  GROUP 


CONTROL  GROL'P 


PRE-TEST 
14 
13. 

6 

3 

4 

3 

5 
16 

6 

r 

7 

9 
16 
14 
17 

 10 

16 
14 
6 
11 

10 
16 
6 

K5 

1  1 

10 


POST-TEST 
17 
13 

8, 

8 

9 

„  13 

7  , 
18 

7 
17 
13 
13 
17 
"l7 
_  9 

16" 
If) 
11 
12 
13 
-14 
11 
14 
18 

7 

9 

7 


DIFFERENCE 
3 
0 
2 
5 
-5 

10  . 

2 

2 

1 
10 

4 

-  3 
3 
0 
1 


0 

i 

f 

3 
-2 
s 

3 
2 
-1 
-3 
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TABLE  V   

PRE-PROJECT  AND  POST-PROJECT  SCORES  ON  TH£  SCIENCE 
PROBLEMS  AND  CHANGE  DURING  THE  PROJECT 


NAME 


EXPERIMENTAL 


CONTROL 


SCALE 


PRE    POST  CHANGE 


4 
3 

2 

2 

2 

2* 

2 

3 

4 

3 

2 

2 

2 

2 

3 


4 
4 

2 
3 
3 
3 
2 
2 
3 


5 

3 
3 
2 
2 
2 
3 
2' 

3 
3 
3 
3 
A 


1 

-1 
1 
1 
0 
0 
0 
0 

-2 


1 
3 
2 
3 
2 
2 
3 
3 
3 
2 
3 
3 


-1 

-2 
0 
0 
0 
0 
0 

1 

0 


SHADOWS 


FROC 


PRE    POST  CHANGE 


7 
7 
2 
2 
2 
6 
2 
7 
5 
6 
5 
6 
3 
] 
1 


2 
6 
6 
5 
2 
6 
6 
6 
2 


6 
7 
2 
1 

2 
2 
2 
7 
4 

X 
7 
1 
1 
1 


6 
7 
2 
2 
1 
6 
6 
6 
6 
6 
6 
2 


-1 

0 
0 
-1 
0 
-4 
0 
0 
-1 
-1 
-4 

-1 

-2 
0 

0 


0 
-5 
0 
1 

0 
0 
0 
0 


PRE    POST  CHANGE 


3 
2 
6 
3 
4 
3 
2 
1 
3 


2 
7 
2 
1 
2 
2 
2 
3 
2 
3 
3 
3 
2 
3 
1 


1 
3 
2 
3 
2 
4 

7 
6 
4 
2 


0 
5 
0 

-1 
1 

-2 

-1 
0 

-1 
0 
0 
0 
0 
0 

"-2 


0 

0 
-2 
1. 
0 
4 

3 
-1 


GERANIUM 


PRE    POST  CHANGE 


4 
4 
3 
2 
3 
3 
4 
4 
3 
4 
4 
4 
4 
3 
7 


3 
5 
3 
4 
4 
4 
1 
4 
3 


4 
3 
4 
3 
3 
4 
3 
7 
3 
4 
3 
5 
4 
4 
3 


1 
4 
2 
3 
3 
3 
3 
3 
3 
2 
4 
2 


0 
-1 
1 
1 
0 
1 
-1 
3 
0 
0 

-1 
1 

0 

] 

-4 


0 

-2 
0 
-1 
-1 
-1 
] 
0 
-1 


9 
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A  computer  analysis  of  the  differences  in  the  data  sho-m  in  Table  V  reveal 
that  the  gains  of  the  experimental  group  exceeded  the  control  group  as  the  Scale 
Problem  at  the  10.2  per  cent  lev*l  of  significance.    That  problem  is  thought  to 
measure  the  ability  to  use  the  cognitive  trait  of  combinational  logic.    There  were 
no  differences  on  the  two  groups  on  th^t  cognitive  trait  in  the  interviews. 

The  gains  of  t.ae  experimental  group  excelled  that  of  the  control  group  on 
the  Geranuim  problem  but  only  at  the  30  per  bent  level  of  significance.  That 
problem  is  thought  to  measure  the  ability  to  measure  the  ability  to  separate 
and  control  variables.    The  gain  by  the  experimental  group  far  exceeded  the  gains 
by  the  control  group  on  ability  to  separate  and  control  variables  on  the  interview. 

Those  data  would  suggest  that  usirt£  apparatus  seem  to  assist  the  ability  to 
measure  the  ability  to  separate  and  control  variables.    But  using  materials  did 
not  assist  in  measuring  the  ability  to  do  combinational  logic.    The  performances 
on  the  problem  were  hotter  than  with  the  Apparatus.    The  only  interpretation 

that  can  be  made  of  these  data  is  that  son*, cognitive  development  is  going  on  with 

\ .  , 

the  experimental  group  that  does  not  seem  to\be  taking  place  with  the  control 

\ 

group.    That  suggests  the  experiences  provided  by  ISMEP  are  providing  cognitive 
growth  not  provided  by  the  general  program  of  Murray  State  University  but  more 
data  would  be  needed  to  isolate  what  exact  cognit^e  growth  is  being  provided  by 
the  ISMEP. 

The  last  two  science  problems— the  Shadows  Problem* and  the  Frog  Problem  both 
of  which  measure  'the  ability  to  do  proportional  reasoning—introduce  the  special 
problem  in  the  ISM3P  which  was  referred  to  in  the  introduction  df  this  report. 
k  computer  analysis  of  the  difference  data  for  the  Shadows  Problem  found  in 
Table  V  show  that  the  ccmtror-youp  outgained  Ihe  experimental  group  at  the  7.3 
per  cent  level.    That  data  analysis  also  shows  that  the  control  group  outgained 

V 
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experimental  group  on  the  Frogs  problem  at  the  20.5  per  cent  level.    On  the 
proportional  reasoning  portion  of  the  interview — as  was  stated  earlier— there 
was  no  difference  between  the  gains  made  by  the  two  groups  on  proportional 
reasoning.    Actually,  the  computer  analysis  reported  a  statistical  level  of 
significance  for  the  differences  in  gains  as  50.0  per  cent—pure  chance.  Clearly 
a  problem  exists  in  the  mathematics  portion  of  the  ISMEP. 

PART  II 

The  experimental  and  control  groups  were  evaluated  on  many  different  compet- 
encies in  mathematics  with  special  attention  being  given  to  their  competency  with 
the  ratio  concept.    The  ratio  concept  was  singled  out  for  special  consideration 
because  data  supplied  by  Piaget  and  others  indicate  that  the  ability  to  use  any 
ratio  beyond  two  to  one  requires  formal  thought.    The  results  of  the  pre-project. 
and  post-project  evaluations  of  the  entire  samples  are  shown  iu  Table  VI  and  VII. 
Notice  in  those  tables  that  the  percentages  of  students  missing  each  item  are 
given . 

Making  any  generalization  from  the  data  shown  in  Table!!  VI  and  VII  is  difficult. 
This  seems  to  be  only  one  constant  trend.    Data  in  Part  I  of  this  -report  demon- 
strated that  students  in  the  sample  were  moving  into  the  formal  thought  period. 

■v. 

The  use  of  the  ratio  concept  requires  formal  thought.    The  data  in  Tables  VI  and 
VII  tend  to  show  increased  competence  with  the  ratio,  concept.     Item  12  in  Table 
VI  and  all  items  in  Tible  VII  show  an  increased  competence  with  the  ratio  concept. 

Table  VIII  shows  the  pre-project  and  post-project  mathematics  test  ecoree  for 
each  person  in  the  experimental  and  control  group.    The  differences  between  thoee 
score  are  *iso  shown.    A  computer  analysis  of  the  differences  in  those  scores 
found  a  significant  difference  in  favor  of  the  control  group  but  at  the  34  per 
cent  level.    Those  data  show  this  are  no  differences  in  the  mathematical 
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TABLE  VI 


MATHEMATICAL  CObfFETEMCIES  OF  THE  PRE-PROJECT  AND  POST-PROJECT  ^AMPO 


Item's1 
Position 
in  the 
Test 


1 
2 
3 
4 
5 


7 
8 


10 

11 
12 
13 
14 
15 

16 

17 

18 
19 
20 

21 

22 

23 

24 


Area  of 
Mathematics 
being 
Evaluated  . 


Concept 
being 
Evaluated 


Arithmetic 
Arithmetic 
Arithmetic 
Arithmetic 
Arithmetic 

Ari thmetic 

Arithmetic 

Scientific 
Notation 

Arithmetic 

Arithmetic 

Arithmetic 
Arithmetic 
Algeb ra 
Algebra 
Algebra 

^Algebra 

Algebra 

Geometry 
Geometry 
Geometry 

Geometry, 

Geometry 

Geometry 

Trigonometry 


Addition 

Subtraction 

Multiplication 

Division 

Addition  of 
Fractions 

Multiplication 
of  Fractions 

Square  root 

Add.  &  Subt. 
of  Exponents 

Significant 
Figures 

Significant 
Figures 

Counting 

Percentage 

Rate 

Multiplication 

Solving  for 
One  Unkown 

Fraction  Solving 
for  1  Unknown 

Simultaneous 
Equations 

Diameter 

Circumference 

Similar 
Triangles 

Area  of  a 
Triangle 

Pythagorean 
Theorem 

Degrees  in  a 
Triangle 

Functions 


Percentage  of  Students  Missing ^Each 
Pre-Project  Evaluation  Post-Project 

on\]H. 


Item 


N  -  45 


Evaluation^ 


28 


0% 
0% 
2% 
37Z 
11% 

24Z 

18Z 
477. 

29* 

38Z 

2% 
69Z 
27% 
33Z 

OZ 

24Z 

87Z 

49Z 
91Z 
98Z 

93Z 

87Z 

62Z 

96Z 


oz 
oz 
oz 

21Z 
14Z 

11Z 

i 

8Z 

54Z  . 

25Z 
39Z 

7Z 
50Z 
25Z 
50Z 

OZ 

39Z 

86Z 

29Z 
86Z 
93Z 

75Z 

64Z 

46Z 

100Z 


25 
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Trigonometry 


Functions 


7^0 


91Z 


100Z 
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TABLE  VII 

COMPETENCE  OF  THE  PRE-PROJECT  SAMPLE  WITH  THE  RATIO  CONCEPT 


Item  Number 
* 

1 
2 
3 

4  *• 


 Percentage  of  Students  Missing  Each  Item  

Pre-Project  Evaluation    Post-Projection  Evaluation 
N  -  45    N  -  28  


292 
62% 
64% 
62% 


18% 
54% 
46% 
39% 
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competencies of  the  groups.    In  other  words  the  mathematical  activities  of  the 
ISMEP  were  no  more  successful  at  teaching  mathematics  to  future  elementary  school 
teachers  than  were  the  generaTactivities  of  Murray  State  University  students. 

Since  the  evaluation  of  the  mathematical  competencies  or  the  students  with 
ISMEP  was  negative,  the  decision  was  made  to  explore  the  data  further.  The 
reader  should  keep  in  mind  two  factors  which  may  have  influenced  the  outcome  of 
the  mathematical  experiences  of  the  control  group  during  the  period  September, 
1977  throught  May,  1979.    Those  data  are  needed  before  definite  conclusions  are 
drawn.    Secondly,  the  instrument  used  to  (See  Appendix  C)  evaluate  the  mathematical 
competencies  of  the  samples  may  not  be  valid  to  use  in  evaluating  the  mathematical 
experiences  of  those  students  in  the  samples. 

To  provide  sone  insight  into  the  differences  between  the  mathematical 
competencies  of  the  experimental  and  control  groups,  TAbles  U  and  X  were  prepared. 
Those  Tables  show  the  percentages  of  students5  in  each  group  that  missed  each  item. 

There  seems  to  pe  no  pattern  in  the  data.    Earlier  the  statement  was  made  that 
the  samples  had  increased  their  mathematical  competencies  during  the  treatment  period 
1  but  60%  df  the  experimental  .group  missed  Item  12,  the  computation  of  a  simple 

|  percentage. — Cons:.der  these  facts  about  the  experimental  group: 
j  1.     26. 6Z  missed  the  simple  division  problem  (No.  4) 

.  2.     60. 0%  missed  the  percentage  item  (No;  12)  * 

|  3.     33.3%  missed  the  simple  rate  problem—again  a  *AtJo  (No.  13) 

4.    40%  do  not  know  what  the  diameter  of  a  circle  is  (No.  18) 


5.    Notice  that  the  size  of  the  control  group  here  is  13  rather  than  12  as  used 
in  Part  I.    The  student  who  did  not  complete  the  interviews  (pre-  and  post- 
project)  did  complete  the  mathematics  test.    The  decision -was  made  to  use 
those  scores  in  this  portion  of  the  report. 
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TABLE  VI I 1 


PRE-PROJECT  AND  POST-PROJECT.  MATHEMATICS  TESTS  AND  DIFFERENCES 

  ..  ^ 


KAME  PRE-PROJECT 


EXPERIMENTAL  GROUP 


CONTROL  GROUP 


POST-PROJECT  DIFFERENCE 


14 

17 

3 

22 

'  19 

-3 

7 

12 

5 

13 

2 

14 

11 

-3 

17 

18 

i  1 

7 
/ 

12 

5 

23 

25 

2 

14  ' 

11 

-3 

20 

22 

2 

19 

15  -•_ 

-4 

20 

22- 

2 

13 

16 

3' 

17 

17 

0 

__j5 

17 

2 

13 

15 

24 

9 

14 

13 

12 

-1 

15 

15 

0 

21  ■ 

22 

1 

1& 

15 

-1 

13 

21 

8. 

20 

21 

1 

18 

20 

'-  .  2 

21 

'  20 

-1 

11 

15  - 

4 
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OF  THE  SAMPLE 


IteVs 
Position 
in  the 
Te»t 


1 
2 
3 
4 
5 


7 
8 


10 

'11 
12 
13 
14 
15 

16 

17 

18 
19 
20 
21 

22 
23 
24 
25 


<  TABLE  IX 
 POST-?ftQJECT  MATHEMATICAL  COMPETENCIES 

Mathematics  'bUSty'       "  Percentage  of  Students  Missing'  Each,  If 


being 
Evaluated 


Evaluated 


\ 


Ar  it  time  Lie  \ 
Arithmetic  \ 
Arithmetic 
Arithmetic 
Arithmetic 

Arithmetic 

Arithmetic 

Scientific 
Notation 

Arithmetic 

.  Arithmetic 

Arithmetic 
Arithmetic 
Algebra  , 
Algebra 
Algebra 

Algebra 

Algebra 

Geometry 
Geometry 
Geometry 
Geometry 


EXPERIMENTAL  GROUP 
N  *  15 


Geometry 
Geometry 
Trigono^try 
Trigonometry 


AddicTon 
Subtraction 
Multiplication 
Division 


Addition  of 
:tions 


KractJ 
MUl  til 


tplicatio 
>of  Fractions 


V 


Square  root 

Add.  &  Subt. 
of  Exponents 

Significant 
Figures 

Significant 
Figures 

Counting 

Percentage  _ 

Rate 

Multiplication 

Solving  for 
One  Unknown 

Fraction  Solving 
for  1  Unknown 

Simultaneous 
Equations 

Diameter 

Circumference 

t 

Similar  Triangles 

Area  of  a 
Triangle 

Pythagorean  Theorem 
Degrees  in  a  Triangle 
Functions 

Functions  \ 


0 
0 
0 

26.6 
13.3 

13.3 

6 

66.5 
13.3 
33.3 

6.6 

60.0 
33.3 

46.6 

0 

33.3 

93.3 

40.0 
86.6 
93.3 
93.3 

73.3 
40.0 
100.0 
100.0 


CONTROL  CROUP 
N  »'l3 

0 

0 

0 

16.6 
16.6 

8.3 

8.3 
41.6 

41.6 

41.6 

8.3 
41.6 
16.6 
58.3 
0 

41.6 

83.3 

16.6 


C3.3 
91.6 
58.3 

58.3 
50.0 
100.0 
100.0 
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f        TABLE  XI 
COMPETENCE  OF.  THE  SAMPLE  WITH  THE  RATION  CONCEPT 


Xtfcui  Number 

1 

2 

f 

3 
4 


Percentage  of  Students  Missing  Each  Item 
Experimental  Group         Control  Group 
N  =  15  N  -  13 


13.3 
66.6 
66.6 

40, 


25 
25 
50 

*1.6 


S 
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Those  seem  to  be  glaring  mathematical  deficiences  in  the  experimental  gfoup. 
Furthermore,  Items  19  through  23  show  that  the  geometry  the  students  have  been 
exposed  to  throughout  their  entire  educational  career  has  not  been  effective; 
86.6  per  cent  cannot  find  the  circumference  of  a  circle  when  given  the  value  for 
the  circle's  radius  and  the  value  of  tt  (3.14).     Yet  these  people         expected  to 
teach  some  simple  geometry  in  the  elementary  school.     The  fait  that  they  and 
their  students  are  at  an  extreme  disadvantage  is  obvious. 

What  cobld  £e  <ione  to  help  relieve  the  situation?    The  ISMEP  is  built  upon 
the  hypothesis  th<it  interaction  with  materials  improves  student  opportunities 
for  learning  science  content  and  learning  how  to  learn.    The  fact  that  the  ISMEP 
students  excelled  the  control  group  students  on-  some  measure  of  intellectual 
development  suggests  that  perhaps  the  basic  ISMEP  hypothesis  may  be  true. 

Assume  that  the  basic  ISMEP  hypothesis  is  true.    Mathematics  beyond  counting, 
serial  ordering,  addition  and  subtraction,  requires,  at  least,  borderline  formal 
operational  thought.     Suppose  that  the  students  in  the  ISMEP  were  first  given 
an  extensive  instruction  with  the  materials  of  science—perhaps  as  much  as  a 
'>ear— before  instruction  in  mathematics  was  started.    Just  possibly  the  intensive 
instruction  with  the  materials  of  science  will  intellectually  move  the  students 
near  enough  toward  the  formal  thought  stage  that  instruction  in  mathematics 
wouid  be  profitable.    The  conclusion  must  be  drawn  from  the  data  presented 
here  that  the  irithematics  instruction  in  the  ISMEP  is  not  profitable.  Please 
accept  the  above  hypothesized  plan  as  just  that— an  hypothesis. 
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